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DESCRIPTION 

MANAGING APPARATUS FOR MANAGING ASSISTING WORK TO 
ASSIST SUBSTRATE-RELATED-WORK PERFORMING SYSTEM, AND 
MANAGING PROGRAM FOR MANAGING ASSISTING WORK TO ASSIST 
SUBSTRATE-RELATED-WORK PERFORMING SYSTEM 



TECHNICAL FIELD 

[000 1] The present invention relates to a managing apparatus, a 

managing method, and a managing program each for managing an assisting 
work that is a work to assist a substrate -related- operation performing 
machine performing an operation related to a circuit substrate such as a 
printed wiring board, and that is carried out by a worker. 

BACKGROUND ART 

[0002] An electronic circuit is assembled by using various 

substrate -related-operation performing machines. Those substrate-related- 
operation performing machines are, for example, a solder printing machine 
that prints solder cream on a circuit substrate; an adhesive applying 
machine that applies adhesive to a circuit substrate; and a component 
mounting machine that mounts circuit components such as electronic 
components on a circuit substrate. Those substrate-related-operation 
performing machines need various assisting works that are carried out by 
workers; such as a maintenance work, a material supplying work, a 
re-setting work, or a recovering work. Above all, the material supplying 
work is an assisting work to supply solder cream, adhesive, or circuit 
components. If the material supplying work is not smoothly carried out, 
then a time duration in which an operation of a substrate-related-operation 
performing machine is stopped is increased, and accordingly an operation 
efficiency of the machine is decreased. In addition, the recovering work is an 
assisting work to repair a failure of a substrate -related-operation 
performing machine, such as an urgency stop, production of a defective 
product, or lowering of an operation speed, and restore the machine to its 
normal condition. If a substrate -related-operation performing machine fails, 
then a worker needs to quickly deal with the failure. 

[0003] Of the assisting works, the material supplying work is 



carried out frequently, for many objective machines. Therefore, it is difficult 
to efficiently manage those material supplying works. To smoothly carry out 
material supplying works, Patent Document 1 proposes to predict a time 
when electronic components will run short in an electronic-component 
mounting machine and inform, 5 minutes before the predicted time, a 
worker responsible for the machine, of a number representing a position 
where components are to be supplied, and a sort of the components. In 
addition, Patent Document 2 proposes to inform all workers of information 
including a predicted time when electronic components will run short. 
[0004] Patent Document 1* Japanese Patent Application 

Publication No. 9-223896 
Patent Document 2- Japanese Patent Application 

Publication No. 2002-164697 

DISCLOSURE OF THE INVENTION 

[0005] In the above-described prior art, the time when the electronic 

components will run short in the electronic-component mounting machine is 
predicted, and the workers are informed of the predicted time. However, 
though the workers are plural, who of the workers should carry out which of 
the assisting works is not determined, and the workers are formed of just 
the predicted time. Therefore, the assisting works cannot be carried out at a 
sufficiently high efficiency. 

[0006] It is therefore an object of the present invention to provide an 

assisting-work managing apparatus and an assisting-work managing 
program each of which allows an assisting work of assisting a substrate- 
related-operation performing machine to be carried out efficiently. This 
object may be achieved according to any of the following modes of the 
present invention in the form of an assisting-work managing apparatus and 
an assisting-work managing program each of which is numbered like the 
appended claims and may depend from the other mode or modes, where 
appropriate, to indicate and clarify possible combinations of technical 
features. It is, however, to be understood that the present invention is not 
limited to the technical features or any combinations thereof that will be 
described below for illustrative purposes only. It is to be further understood 
that a plurality of features included in any one of the following modes of the 
invention are not necessarily provided altogether, and that the invention 



3 



may be embodied without at least one of the features described with respect 
to each of the modes. 

[0007] In the following modes, tho mode (l) corresponds to claim l; 

the modo (2) corresponds to claim 2; the modes (3) through (14) correspond 
to claim s 3 to 1 4 , respectively ; and tho modes (21) and (22) correspond to 
claims 15 and 16, respectively. 

[0008] [0007] (l) A managing apparatus for managing an assisting 
work to assist a substrate -related-operation performing system comprising a 
plurality of substrate-related-operation performing machines each of which 
performs a substrate-related operation that is related to a circuit substrate, 
the assisting work being carried out, as needed, when the 
substrate-related-operation performing system is operated, the managing 
apparatus assigning, each time a need to carry out the assisting work occurs, 
the assisting work to one of a plurality of workers, 

the managing apparatus being characterized by comprising 
an assisting-work occurrence information obtaining portion 
which obtains assisting-work occurrence information which is related to 
occurrence of a need to carry out at least one assisting work; and 

a worker determining portion which determines one of the 
workers who is to carry out said at least one assisting work as at least one 
objective work, so that said at least one objective work is assigned to said 
one worker. 

[0009] [0008] The substrate-related-operation performing system 

that is managed by the present assisting-work managing apparatus may 
comprise various substrate-related-operation performing machines, such as 
a solder printing machine, an adhesive applying machine (also called an 
adhesive dispenser), a component mounting machine, a reflow furnace, an 
inspection performing machine, or a substrate conveying machine. 
Alternatively, the substrate -related-operation performing system may 
comprise a substrate-related-operation performing line including a plurality 
of substrate-related-operation performing machines that are arranged in an 
array and that sequentially perform respective operations related to a single 
circuit substrate. 

[00 10] [0009] The assisting work is carried out by a worker to assist a 
substrate -related-operation performing machine. The assisting work is, for 
example, a maintenance work, a material supplying work, a re-setting work, 



or a recovering work. The maintenance work is an assisting work to keep a 
substrate -related-operation performing machine in a good condition and 
thereby allow the machine to smoothly perform a substrate -related 
operation, and it is, for example, periodic inspection, oiling, replacement of 
part(s), or adjustment. The material supplying work is, as described above, 
a work to supply material (components, parts, etc.) that are consumed or 
worn in a substrate-related operation. The re-setting work is a work to 
change sorts of circuit substrates with each other so that operations may be 
performed with respect to a new sort of circuit substrates. The re-setting 
work is, for example, modification of a control program of a substrate - 
related-operation performing machine; adjustment of a substrate holding 
device of a substrate -related-operation performing machine; replacement of 
a screen of a solder printing machine; or changing of a sort of components 
set in a component supplying device of a component mounting machine. The 
recovering work is, as described above, a work to remove a cause of a failure 
of a substrate-related-operation performing machine. The failure of 
substrate-related-operation performing machine is, for example, a bad 
operation result, such as missing of component(s) from an assembled 
electronic circuit, mounting of component(s) at incorrect position(s) on an 
assembled electronic circuit, or production of defective product(s) having, 
e.g., a defective portion such as solder bridge; a problem of an operation of a 
substrate-related-operation performing machine, such as occurrence of 
error(s) to an image processing step; or a problem of a substrate -related- 
operation performing machine itself, such as breaking of a suction nozzle or 
a failure of a component feeder. 

[00 11] [00 10] In the case where there are a plurality of workers who carry 
out assisting works, it is required that the assisting works be appropriately 
assigned to the workers. For example, if one assisting work is carried out by 
more than necessary workers, then respective operation efficiencies of the 
workers may be lowered. In addition, if a certain assisting work is not carry 
out any workers because all workers misunderstand that the assisting work 
has already been carried out by someone else, then an operation time of a 
substrate-related-operation performing machine may be decreased. The 
present assisting-work managing apparatus determines a worker who is to 
carry out an assisting work. Therefore, each worker can clearly recognize an 
assisting work to be carried out by himself or herself. Thus, the operation 



efficiency of each worker and the operation time of each substrate -related- 
operation performing machine can be improved. 

[0012] [0011] The assisting-work occurrence information is 

information related to occurrence of a need to carry out an assisting work, 
e.g., an assisting work to be quickly carried out, or an assisting work to be 
carried out in future. The assisting-work occurrence information may be just 
a number (No.) identifying an assisting work. However, it is preferred, for 
assigning the assisting work to an appropriate worker, that the 
assisting-work occurrence information include information related to, e.g., 
an object of the assisting work, a sort of the assisting work, and a time when 
the assisting work is to be carried out. The information related to the object 
of the assisting work is information specifying an object on which the 
assisting work is to be carried out, and the object may be a substrate - 
related-operation performing machine itself, a specific device employed by a 
specific substrate -related-operation performing machine, or a specific 
material used by a specific substrate-related-operation performing machine. 
The information related to the sort of the assisting work is information 
representing contents of the assisting work, such as a name of the work. The 
information related to the time when the assisting work is to be carried out 
is information that is used in determining the time when the assisting work 
is to be carried out, such as a time when material will run short. 
[0013] [0012] (2) The managing apparatus according to the 

mode (l), wherein the worker determining portion comprises a 
pre-set-worker- information-dependent determining portion which 
determines said one worker based on a plurality of sets of pre -set worker 
information that are pre-set for the workers, respectively. 

(3) The managing apparatus according to the mode (2), 
wherein the p re-set-worker-information-dependent determining portion 
determines said one worker based on the sets of pre-set worker information 
each set of which comprises at least one of a worker skill level and a 
responsibility section of a corresponding one of the workers. 
{0044jj0013l The pre-set worker information is, e.g., a worker skill 

level, a responsibility section, and/or a job family of each of the workers. 
Above all, if a responsible worker to carry out each assisting work is 
determined based on the worker skill level, the each assisting work can be 
assigned to a worker who has an appropriate skill level corresponding to a 
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technical level of the each assisting work. For example, an assisting work 
having a high technical level that cannot be carried out by an ordinary 
worker is assigned to a worker who has a high skill level. The responsibility 
section of each worker is, for example, a work place where one or more 
assisting works are carried out by the each worker; a sort or sorts of one or 
more assisting works that are carried out by the each worker; a sort or sorts 
of one or more substrate -related-operation performing machines; or one or 
more groups of substrate-related-operation performing machine(s). For 
example, in the case where the responsibility section of each worker is a 
considerably narrow work area in which the each worker need not move 
long distances, useless movements of the workers can be reduced because 
responsible workers are determined based on the respective responsibility 
sections of the workers. A group of substrate -related-operation performing 
machine(s) may be one including at least one substrate -related-operation 
performing machine, or one including at least one 
substrate-related-operation performing line. 

[0015] [0014] (4) The managing apparatus according to any of 

the modes (l) through (3), further comprising a current-worker-information 
obtaining portion which obtains a plurality of sets of current worker 
information representing respective current states of the workers, 

wherein the worker determining portion comprises a current- 
worker-information-dependent determining portion which determines said 
one worker based on the obtained sets of current worker information. 

(5) The managing apparatus according to the mode (4), 

wherein the current-worker-information-dependent determining portion 
determines said one worker based on the sets of current worker information 
each set of which comprises at least one of a working state, a position 
around the substrate -related-operation performing system, an amount of 
work, and an assignment state of a corresponding one of the workers. 
fe&t€) [0015] The current worker information is information 

representing a state of each worker that is related to carrying-out of 
assisting work(s), and changes as the each worker carries out one or more 
assisting works. The current worker information comprises information 
related to at least one of a working state, a position, an amount of work, and 
an assignment state of each worker that can be recognized, predicted, or 
scheduled at the current time. The information related to the working state 
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represents whether each worker is carrying out an assisting work, how long 
each worker has been carrying out an assisting work, or how long each 
worker has been waiting without carrying out an assisting work. Based on 
the information related to the working state, a worker who is waiting can be 
selected as a responsible worker to carry out an assisting work. The 
information related to the position represents a position where each worker 
is present, for example, a current position of each worker, or a position of 
each worker after the each worker has carried out an assisting work. Based 
on the information related to the position, a worker who is present at a 
position near to a place where an assisting work is to be carried out, can be 
selected as a responsible worker. In this case, an amount of movement of 
each worker can be reduced. The information related to the assignment 
state represents how assisting works have been assigned to the respective 
workers, for example, what sort of assisting works have been assigned to the 
workers, or what times the assigned assisting works are carried out. The 
information related to the time when each assigned assisting work is carried 
out represents a time when each assigned assisting work is to be started, or 
a time when each assigned assisting work is to be finished. The information 
related to the amount of work represents a load applied to each worker in 
the past and/or the future, for example, a total time duration, or a total 
number of assisting works, in which each worker has been engaged within a 
pre-set time before the current time, and/or a total number of assisting 
works that are currently assigned to each worker or a total time duration 
needed to carry out those assigned assisting works. Based on the 
information related to the amount of work, a worker whose amount of work 
is small can be selected as a responsible worker. In this case, therefore, 
respective amounts of work of all the workers can be made as equal as 
possible to each other. 

[0017] [0016] (6) The managing apparatus according to any of 

the modes (l) through (5), wherein the worker determining portion 
comprises a worker-intention-dependent determining portion which 
determines said one worker based on an intention of said one worker. 

(7) The managing apparatus according to the mode (6), 

wherein the worker-intention-dependent determining portion comprises 

a pending-work-related informing portion which informs each 
of at least one of the workers of said at least one objective work which has 
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not been assigned, and 

a worker-intention-information obtaining portion which obtains, 
from at least one of the at least one informed worker, at least one set of 
worker intention information representing the intention of said at least one 
worker about whether said at least one worker carries out said at least one 
objective work. 

(8) The managing apparatus according to the mode (7), 

wherein the worker-intention-dependent determining portion further 
comprises a candidate selecting portion which selects, from the workers, at 
least one candidate who can carry out said at least one objective work, and 

wherein the pending-work-related informing portion informs 
each of said at least one candidate selected by the candidate selecting 
portion, of said at least one objective work. 

[0018] [0017] A worker is informed of an assisting work which has 

not been assigned, and worker intention information representing an 
intention of the worker about whether the worker carries out the assisting 
work is obtained. In this case, based on the obtained worker intention 
information, a responsible worker can be determined. The informing portion 
may employ an informing means that informs a worker of an assisting work, 
for example, a wire or wireless terminal device (i.e., a computer), or a 
display device or a speaker that is employed by each 
substrate-related-operation performing machine or the 

substrate-related-operation performing system. The intention of each 
worker may be inputted, as worker input information (e.g., worker intention 
information), into an input device that is employed by the system and is 
operable by each worker, and may be obtained as the worker input 
information. The input device may be a wire or wireless terminal device, or 
an input means that is employed by, e.g., each substrate-related- operation 
performing machine. An assignment of an assisting work may be done by 
determining a responsible worker to carry out the assisting work 
independent of an intention of the worker. However, if the intention of the 
worker is confirmed, then the assisting work can be more reliably assigned 
to the responsible worker. For example, if a worker cannot carry out, for 
some reason, an assisting work (e.g., the worker is now carry out another 
assisting work), then the worker inputs information indicating that the 
worker cannot carry out the work. In this case, the assisting work can be 
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assigned to another worker. If a plurality of workers are informed of an 
assisting work, then each of the workers inputs information indicating 
whether the each worker can carry out the work. Thus, the assisting work 
can be reliably assigned to a worker who can carry out the work. Moreover, 
in the case where a candidate who is an appropriate worker to carry out an 
assisting work is selected from a plurality of workers, useless 
communications or responses can be reduced. The above-described 
candidate selecting portion may select the candidate by utilizing one or 
more of the respective technical features recited in the modes (2) through (5). 
For example, the candidate selecting portion may select the candidate based 
on at least one of the pre-set worker information and the current worker 
information. 

feO^Q } [0018] (9) The managing apparatus according to any of 

the modes (l) through (8), wherein the worker determining portion 
determines said one worker at a time determined based on a time when said 
at least one objective work is carried out. 

fe020j[ [0019] The time determined based on the time when the 

assisting work is carried out is, for example, a time a little bits (e.g., several 
minutes or ten and several minutes) before the time of carrying-out of 
assisting work. If the responsible worker is determined at the time a little 
bits before the time of carrying-out of assisting work, then the worker can 
efficiently carry out the work. 

(OOaL l [0020] (10) The managing apparatus according to any of 

the modes (l) through (9), wherein the assisting-work occurrence 
information obtaining portion obtains a plurality of sets of said 
assisting-work occurrence information which are related to a plurality of 
assisting works, respectively, 

wherein the worker determining portion determines, in an 
order of priority of the assisting works, the workers who carry out the 
assisting works, respectively. 

{QQ2£ l [0021] In the case where a plurality of sets of assisting-work 

occurrence information respectively related to a plurality of assisting works 
are obtained, workers to carry out the assisting works are determined in the 
order of priority of the works. In this case, the assisting works can be 
carried out efficiently. Respective degrees of priority of the assisting works 
may be determined based on respective times when the works are carried 
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out. For example, an assisting work to be carried out at a time nearer to the 
present time is determined to have a higher degree of priority. Alternatively, 
the respective degrees of priority of the assisting works may be determined 
based on respective degrees of importance of the works. A degree of 
importance of each assisting work may be pre -set based on, e.g., a 
magnitude of influence caused when the each work is not carried out, or a 
proportion of the workers who can carry out the each work. For example, a 
degree of importance of a recovering work may be pre-set to be a 
considerably high; and a degree of importance of a recovering work to 
recover a failure resulting in producing defective products at a higher rate, 
or a failure resulting in decreasing an operation speed to a lower speed, may 
be pre-set to be higher. Since an assisting work having a higher degree of 
importance is assigned, with a higher degree of priority, to a worker, the 
assisting work having the higher importance can be carried out more 
reliably. For example, if a responsible worker to carry out an important 
assisting work that has a high degree of difficulty and can be carried out by 
only a special worker, is determined at an earlier time, i.e., the special 
worker is determined as the responsible worker at the earlier time, then 
another assisting work that is not so important and can be carried out by an 
ordinary worker can be prevented from being assigned to the special worker 
at a time when the important work is carried out. 

t0O33l_[0022] (ll) The managing apparatus according to any of 

the modes (l) through (10), wherein the assisting-work occurrence 
information obtaining portion obtains a plurality of sets of said 
assisting-work occurrence information which are related to a plurality of 
assisting works, respectively, 

wherein the worker determining portion comprises a 
related-work-related determining portion which determines, as a plurality 
of said objective works, a plurality of related works which are related to 
each other on carrying-out of the works, and determines said one worker 
who carries out the related works. 

[0024] [0023] The related works are related to each other with respect to, 
for example, at least one of respective sorts of the works, respective objects 
of the works, respective places where the works are carried out, and 
respective times when the works are carried out. For example, a plurality of 
assisting works that are of a same sort, a plurality of assisting works whose 
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respective objects are respective substrate-related-operation performing 
machines of a same sort, or a plurality of assisting works that are carried 
out at respective places near to each other can be assigned to a single 
worker. The related works related to each other with respect to the times 
when the works are carried out are, for example, a plurality of assisting 
works that are carried out at respective times continuous with each other, 
more specifically described, a plurality of continuous assisting works that 
can be continuously carried out by a single worker. It is preferred that the 
continuous assisting works be carried out by the single worker while 
respective time durations in which the corresponding substrate -related- 
operation performing machines are stopped are not increased so much. To 
this end, it is preferred that the respective times when the continuous 
assisting works are carried out differ from each other by an appropriate 
time (for example, a time needed to carry out one of the works). 
{0025} [0024] . (12) The managing apparatus according to any of 

the modes (l) through (ll), wherein the assisting-work occurrence 
information obtaining portion obtains a plurality of sets of said 
assisting-work occurrence information which are related to a plurality of 
assisting works, respectively, 

wherein the worker determining portion comprises a 
simultaneous-work-related determining portion which determines, as a 
plurality of said objective works, a plurality of simultaneous works which 
are preferred to be carried out simultaneously with each other, and 
determines the workers who carry out the simultaneous works, respectively. 
{0026} [0025] For example, when an operation of a 

substrate-related- operation performing machine is stopped for a worker to 
carry out an assisting work thereon, there may be another assisting work 
that needs to stop the operation of the machine. In this case, if the latter 
assisting work is simultaneously carried out by another worker, a time 
duration in which the operation of the machine can be reduced as compared 
with the case where the two assisting works are carried out at different 
times. 

feQ27j} [0026] (13) The managing apparatus according to any of 

the modes (l) through (12), further comprising an assigned-work-related 
informing portion which informs said one worker determined by the worker 
determining portion, of said at least one objective work assigned to said one 
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worker. 

[0028] [0027] Since the assisting-work managing apparatus comprises the 
assigned-work-related informing portion that informs the determined 
worker of the assisting work assigned to the worker, the worker can easily 
recognize that the assisting work has been assigned to himself or herself. 
The informing portion may employ an informing means as described above. 
[0029] [0028] (14) The managing apparatus according to any of the 
modes (l) through (13), further comprising a plurality of portable terminal 
devices which can be carried by the workers, respectively, 

wherein the managing apparatus sends, and receives, 
information to, and from, the portable terminal devices carried by the 
workers. 

Since the workers carry the respective portable terminal 
devices, the workers can receive respective sets of information through the 
portable terminal devices, or can input the respective intentions as 
respective sets of worker input information into the portable terminal 
devices, irrespective of where the workers may be working. Each of the 
portable terminal devices may be a portable computer that may optionally 
have a wireless communication function, such as a PDA (personal digital 
assistant). Alternatively, each portable terminal device may be a portable 
telephone that can be connected to the Internet. 

fOQ3Q] [0029] (21) (15) A managing program for being implemented 

by a computer to manage an assisting work to assist a substrate-related- 
operation performing system comprising a plurality of substrate-related- 
operation performing machines each of which performs a substrate -related 
operation that is related to a circuit substrate, the assisting work being 
carried out, as needed, when the substrate -related-operation performing 
system is operated, the managing program assigning, each time a need to 
carry out the assisting work occurs, the assisting work to one of a plurality 
of workers, 

the managing program being characterized by comprising 
an assisting-work occurrence information obtaining step of 
obtaining assisting-work occurrence information which is related to 
occurrence of a need to carry out at least one assisting work; and 

a worker determining step of determining one of the workers 
who is to carry out said at least one assisting work as at least one objective 
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work, so that said at least one objective work is assigned to said one worker. 
[0031] [0030] (22) (16) A recording medium on which the managing 
program according to the mode (24 ) (15) is recorded to be readable by a 
computer. 

The mode (&4 ) (15) and the mode (23 ) (16) relate to a 
managing program for managing an assisting work to assist a 
substrate -related- operation performing system, and a recording medium on 
the managing program is recorded, respectively. The foregoing description 
related to the assisting-work managing apparatus also applies to each of the 
managing program and the recording medium, and accordingly it is not 
repeated here for preventing redundancy of the description. Each of the 
mode (24) (15) and the mode (22) (16) relating to the managing program and 
the recording medium, respectively, can be combined with an arbitrary one 
of the above-described modes (2) through (14). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] [0031] Fig. 1 is an illustrative view of a general construction of a 
substrate-related-operation performing system to which the present 
invention is applied. 

Fig. 2 is a view showing an assisting-work master file. 

Fig. 3 is a view showing a portion of a worker master file. 

Fig. 4 is a view showing a portion of a current worker 

information. 

Fig. 5 is a view showing a portion of a supplying work list. 
Fig. 6 is a view showing a portion of a recovering work list. 
Fig. 7 is a flow chart representing an assisting-work 
management program as an embodiment of the present invention. 

Fig. 8 a graph representing a portion of the supplying work 

list. 

Fig. 9 is a flow chart representing a temporary 
supplying-work assignment routine as a portion of the assisting-work 
management program. 

Fig. 10 is a view showing a display screen of a portable, 
terminal device. 

Fig. 11 is a flow chart representing a supplying-work 
assignment confirmation routine as another portion of the assisting-work 
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management program. 

Fig. 12 is a view shoring a portion of the current worker 
information at a time different from the time corresponding to the current 
worker information shown in Fig. 4. 

Fig. 13 is a flow chart representing a recovering- work 
assignment routine as another portion of the assisting-work management 
program. 

Fig. 14 is a view showing the recovering work list at a time 
different from a time corresponding to the recovering work list shown in Fig. 
6. 

Fig. 15 is a view showing a current worker information file 
corresponding to an example different from the example corresponding to 
the current worker information file shown in Figs. 4 and 12. 

Fig. 16 is a view showing a current worker information file 
corresponding to the example and a time different from the example and the 
) times corresponding to the current worker information files shown in Figs. 4 

and 12. 

Fig. 17 is a block diagram representing various functions of 
an assisting-work management apparatus as an embodiment of the present 
invention. 

EXPLANATION OF REFERENCE NUMERALS 

[0033] 10 - subotrato-rolatod'oporation performing machines (10PR : 

screen-printing machines, 10DI - dispensers, 10RO - high-speed component 
mounting machines, 10XY - general-purpose component mounting machines, 
10FU - rcflow furnaces) 12 - substrato-rclatcd-oporation performing groups 

SO^ — LAN 32^ — machine — management — device 3€^ — assi s ting-work 

management device — 42 : PDA — 50 : responsibility section — 110: assisting- 

work-occurronco -information — obtaining — portion 3r2€^ — curront-workor- 

information obtaining portion — 110' - responsible -worker determining portion 
44© — 142: prc-sot-workor-mformation-dopondont determining portion — J44^ 
currcnt-workcr-information-dcpcndcnt determining portion — 146: worker- 
intention-dependent determining portion — 148 : related -work determining 
portion — 150: oimultanoous-work determining portion — 162: pending-work 

informing portion 164: workor-intontion-information obtaining portion 

180: assignod-work informing portion O 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[003 4 ] [0032] Hereinafter, there will be described in detail an embodiment 
of the present invention. It is, however, to be understood that the present 
invention is by no means limited to the details of the following embodiments 
but may be embodied with various changes, such as those described in 
DISCLOSURE OF THE INVENTION, that may occur to a person skilled in 
the art. 

[0035] [0033] 1. Substrate-Related-Operation Performing System 
1.1 General Construction of Substrate-Related-Operation 
Performing System 

Fig. 1 is an illustrative view of a portion of a 
substrate -related-operation performing system. The present substrate - 
related-operation performing system includes a plurality of substrate - 
related-operation performing groups. In the present embodiment, each of 
the substrate-related-operation performing groups is provided by a machine 
line that is constituted by a plurality of substrate-related-operation 
performing machines arranged in an array. The present substrate -related- 
operation performing system includes various sorts of substrate -related- 
operation performing groups that are obtained by combining various sorts of 
substrate -related-operation performing machines with each other in various 
manners. However, Fig. 1 shows three substrate -related-operation 
performing groups 12A, B, C each of which is obtained by combining a 
screen-printing machine 10PR as a solder printing machine, a dispenser 
10DI as an adhesive applying machine, a high-speed component-mounting 
machine 10RO as a rotary-head-type component-mounting machine, a 
general-purpose component-mounting machine 10XY as a component- 
mounting machine that is constituted by connecting a plurality of 
XY-robot-type component- mounting modules to each other, and a re flow 
furnace 10FU as a soldering heater furnace, with each other. (Hereinafter, 
the substrate -related-operation performing groups 12A, B, C will be 
generally referred to as the "substrate -related-operation performing groups 
12", where appropriate; and the substrate -related-operation performing 
machines employed by the substrate -related-operation performing groups 
12A, B, C will be generally referred to as the "substrate -related-operation 
performing machines 10", where appropriate.) Each of the substrate -related- 
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operation performing machines 10 includes a control panel, and is controlled 
by the control panel so as to perform a substrate-related operation. Each of 
the control panels includes a display device and an input device, and is 
operable by a worker. 

[0036] [0034] The respective control panels of the substrate -related- 
operation performing machines 10 are connected to a LAN (local area 
network) 30 as an information communication line employed by the 
substrate -related-operation performing system. To the LAN 30, a machine 
management device 32 and an assisting-work management device 36 are 
connected. Each of the substrate-related-operation performing machines 10, 
the machine management device 32, and the assisting-work management 
device 36 includes a communication unit, such as a LAN board, and can 
communicate information with each other via the LAN 30. The machine 
management device 32 receives various sorts of information sent from the 
respective control panels of the substrate-related-operation performing 
machines 10, and sends, based on the received information, respective 
commands to the same 10, or processes the received information, as needed. 
For example, when one of the substrate-related-operation performing 
machines 10 has failed, the machine management device 32 adjusts the 
respective operations of the other substrate -related-operation performing 
machines 10 belonging to the same substrate -related-operation performing 
group 12 as the group 12 to which the one machine 10 belongs. In addition, 
the machine management device 32 estimates, based on information sent 
from an appropriate substrate-related-operation performing machine 10, a 
time when the material that is consumed in the machine 10 will run short. 
[0037] [0035] A wireless communication device 40 is connected to the LAN 
30, and each of a plurality of workers carries a PDA (personal digital 
assistant) 42 as a portable terminal device that has a wireless 
communication function. Thus, each of the PDAs 42 and the machine 
management device 32 can communicate information with each other via 
the wireless communication device 40 and the LAN 30. Each of the PDAs 42 
has a registered worker number (described later) that identifies a 
corresponding one of the workers who carries the each PDA 42, so that when 
the machine management device 32 receives information from the each PDA 
42, the device 32 can identify, based on the registered worker number added 
to the received information, the worker who carries the each PDA 42. Each 



17 



of the PDAs 42 includes a touch panel and a speaker, and can visibly or 
audibly inform the worker of, e.g., assisting- work information sent from the 
assisting-work management device 36 and send, e.g., information inputted 
by the worker, to the device 36. In the case where a microphone is connected 
to each of the PDAs 42 that can do speech-recognition communication and 
can implement speech-communication software, the corresponding worker 
can use his or her voices to communicate various sorts of information with 
the other workers, or input various sorts of information into the each PDA 
42. 

[0038] [0036} The assisting-work management device 36 is essentially 
constituted by a computer including a CPU, a ROM, a RAM, and an 
input-and-output interface all of which are not shown, and includes an input 
device such as a keyboard; a display device such as a cathode ray tube; and 
an external memory device such as a hard disc. The ROM, the RAM, and the 
external memory device cooperate with each other to store an assisting-work 
management program, described later, and various sorts of information. 
Hereinafter, the ROM, the RAM, and the external memory device will be 
generally referred to as the "memory device". 
[0039] [00311 2. Assisting Work 
2.1 Assisting Work 

In the present embodiment, the assisting-work management 
device 36 manages material supplying works and recovering works each as 
an assisting work. The memory device of the assisting-work management 
device 36 stores, as an assisting-work master file, basic assisting-work 
information as basic information common to various sorts of assisting works 
that are managed by the device 36. Fig. 2 shows the basic assisting-work 
information recorded as the assisting-work master file. The basic assisting- 
work information includes respective names of the assisting works; 
respective sorts of the assisting works; respective objective machines of the 
assisting works; stopping (YES) or non-stopping (NO) of the objective 
machine of each of the assisting works; respective needed skill levels of the 
assisting works! respective standard needed times of the assisting works; 
respective arrival-time adjusting times of the assisting works; respective 
priority adjusting times of the assisting works; and respective material 
taking times of the assisting works. The "stopping or non-stopping of the 
objective machine of each of the assisting works" is information indicating 
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whether stopping of the operation of the substrate -related-operation 
performing machine 10 as the objective machine of the each assisting work 
is needed when the each assisting work is carried out. More specifically 
described, each of the assisting works indicated by "YES" is carried out only 
under a condition that the performing machine 10 as the objective machine 
of the each assisting work is not performing the substrate -related operation; 
and each of the assisting works indicated by "NO" can be carried out under 
a condition that the performing machine 10 as the objective machine of the 
each assisting work is performing the substrate -related operation. The 
"respective needed skill levels of the assisting works" are, in short, 
respective degrees of difficulty of the assisting works. Each of the assisting 
works indicated by "H (high)" is carried out by only one of the workers who 
are skilled in carrying out the each assisting work; and each of the assisting 
works indicated by "L (low)" can be carried out by any of the workers. The 
"respective standard needed times of the assisting works" are respective 
typical times needed to carry out the assisting works, and include, as needed, 
respective margin times to arrive, in advance, at respective work places and 
prepare for the current assisting works, and/or respective margin times to 
prepare for the respective next assisting works. The "respective arrival-time 
adjusting times of the assisting works" are respective times used to adjust, 
based on respective material- shortage times (described later) of the 
assisting works, respective recommended arrival times of the assisting 
works. The "respective priority adjusting times of the assisting works" are 
respective times used to adjust, based on the respective recommended 
arrival times of the assisting works, respective priority-order times of the 
assisting works (described later). The respective standard needed times of 
the assisting works and the respective arrival-time adjusting times of the 
assisting works will be described later. The "respective material taking 
times of the assisting works" are respective times needed to fetch, e.g., new 
reels or feeders from respective electronic-component storage places 46A, B, 
C corresponding to the three substrate -related-operation performing groups 
12A, B, C. 

[0040] [0038] 2.2 Material Supplying Works 

The material supplying works each as a sort of assisting 
work are works to supply various sorts of materials to the substrate-related- 
operation performing machines 10. The basic assisting-work basic 
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information include basic information for the material supplying works such 
as a solder supplying work, a syringe replacing work, feeder replacing works 
(RO and XY), and a reel replacing work. The "solder supplying work" is a 
work to supply new solder cream stored in the vicinity of each 
screen-printing machine 10PR, to a solder-cream container of the each 
screen-printing machine 10PR. The "syringe replacing work" is a work to 
replace an adhesive injection syringe of each dispenser 10DI, with a new one 
stored in the vicinity of the each dispenser 10DL Each of the solder 
supplying work and the syringe replacing work is carried out under the 
condition that the operation of a corresponding one of the screen-printing 
machine 10PR and the dispenser 10DI is stopped. Each of the "feeder 
replacing work RO" and the "feeder replacing work XY" is a work to replace 
one of a plurality of tape feeders (hereinafter, simply referred to as the 
"feeders") which are employed by each high-speed component mounting 
machine 10RO or each general-purpose component mounting machine 10XY 
(hereinafter, referred to as "each component mounting machine 10RO, XY", 
where appropriate) and each of which holds a reel around which an 
electronic-component carrier tape is wound and feeds electronic components 
carried by the carrier tape. New feeders are stored in the respective 
electronic-component storage places 46A, B, C for the three 
substrate -related-operation performing groups 12A, B, C. A worker moves to 
one of the three electronic-component storage places 46 that corresponds to 
the substrate -related- operation performing group 12 to which the objective 
machine 10 of the current feeder replacing work belongs, selects a new 
feeder holding the same sort of electronic-component carrier tape as the sort 
of the electronic-component carrier tape used up by the current feeder, 
conveys the selected new feeder to the component mounting machine 10RO, 
XY as the objective machine 10, and replaces the current feeder with the 
new feeder. The feeder replacing work XY is carried out under the condition 
that the operation of the general-purpose component mounting machine 
10XY is stopped; but the feeder replacing work RO can be carried out under 
the condition that the operation of the high-speed component mounting 
machine 10RO is not stopped. The high-speed component mounting machine 
10RO employs two movable feeder tables each of which holds a plurality of 
feeders. Therefore, when one of the two feeder tables is used to supply 
electronic components, a worker can replace one or more of the feeders held 
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by the other feeder table in rest. The "reel replacing work" is a work to 
replace one of the respective reels held by the feeders of each 
general-purpose component mounting machine 10XY Like the above- 
described feeder replacing work, a worker moves to an appropriate one of 
the electronic-component storage places 46, selects an appropriate new reel, 
conveys the selected new reel to the general-purpose component mounting 
machine 10XY, and replaces the current reel with the new reel. The reel 
replacing work includes a splicing operation to connect a trailing end 
portion of the electronic-component carrier tape held by the current reel, to 
a leading end portion of the electronic-component carrier tape held by the 
new reel. 

[0041] [0039] 2.3 Recovering works 

The recovering works each as another sort of assisting work 
are works to remove respective causes of respective failures occurring to the 
substrate-related-operation performing machines 10, and thereby restore 
the devices 10 to their normal conditions. The basic assisting-work 
information includes basic information for the recovering works such as a 
nozzle replacing work, an image-recognition-condition adjusting work, a 
solder-amount adjusting work, and a heating-condition adjusting work. The 
"nozzle replacing work" is a work to replace, with a new suction nozzle, one 
of a plurality of suction nozzles employed by each component mounting 
machine 10RO, XY, said one suction nozzle being unable to function 
normally because of, e.g., wearing, deformation, or breaking. When the 
nozzle replacing work is carried out, the operation of the component 
mounting machine 10RO, XY is stopped. The "image -recognition-condition 
adjusting work" is a work to adjust an image recognition condition. Each 
component mounting machine 10RO, XY includes an image taking camera 
to take an image of an electronic component sucked and held by each of the 
suction nozzles, and processes image data representing the taken image of 
the electronic component so as to determine, e.g., a position of the 
component held by the each nozzle. However, if electronic components of a 
different production lot requiring a different image recognition condition 
than the current image recognition condition are supplied to the component 
mounting machine 10RO, XY, then those components may not be accurately 
recognized by the machine 10RO, XY, and accordingly the operation of the 
machine 10RO, XY may be automatically stopped because it is judged that 
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an image -recognition error has occurred. In this case, the image -recognition- 
condition adjusting work is carried out. The "solder- amount adjusting work" 
is a work to adjust an amount of cream solder that is printed by each 
screen-printing machine 10PR. The "heating-condition adjusting work" is a 
work to adjust a heating condition under which a printed wiring board on 
which electronic components have been mounted is heated by each reflow 
furnace 10FU. 

[0042] [0040] 3. Information Related to Workers 
3.1 Pre-set Worker Information 

In the present substrate-related-operation performing 
system, the assisting works related to the three substrate -related-operation 
performing groups 12A, B, C are carried out by five workers Wl through W5 
(Fig. l). Pre-set worker information as basic information for the workers Wl 
through W5 is stored as a worker master file by the memory device of the 
assisting-work management device 36, and is utilized in assigning the 
assisting works to the workers. Fig. 3 shows a portion of the pre-set worker 
information recorded as the worker master file. The "worker No." is an 
identification code pre-set for each of the workers. The "worker skill level" in 
Fig. 3 corresponds to the needed skill level of each of the assisting works as 
a portion of the above-described basic assisting-work information (Fig. 2), 
and each of the skilled workers (i.e., Wl, W2) indicated by "H" can carry out 
all the assisting works the respective skill levels of which are "H" or "L" and 
each of the ordinary workers (i.e., W3 .through W5) indicated by "L" can 
carry out the assisting works the respective needed skill levels of which are 
"L" but cannot carry out the assisting works the respective needed skill 
levels of which are "H". The "responsibility section" is a section for which 
each worker has responsibility to carry out the assisting works. As described 
above, the present substrate-related-operation performing system includes 
the plurality of substrate-related-operation performing groups, and the 
three performing groups 12A, B, C out of the plurality of performing groups 
constitute one responsibility section 50. The workers Wl through W5 are 
engaged in the assisting works related to the three groups 12A, B, C. The 
.skilled workers (Wl, W2) have an additional responsibility to carry out, e.g., 
maintenance works that are not managed by the assisting-work 
management device 36 in the present embodiment. 
[0043] [0041] 3.2 Current Worker Information 



22 

Current worker information is information representing 
respective current states of the workers about how the workers are carrying 
out the assisting works. Unlike the above-described pre-set worker 
information, the current worker information is updated as the workers 
sequentially carry out the assisting works. The current worker information 
is stored as a current worker information file by the memory device of the 
assisting-work management device 36, and is utilized together with the 
pre-set worker information, when the assisting works are assigned to the 
workers. Fig. 4 shows the current worker information corresponding to the 
five workers (Wl through W5). In the present embodiment, the current 
worker information includes respective working states of the workers; 
respective current positions of the workers; respective assigned works of the 
workers; respective scheduled starting times of the assigned works; 
respective scheduled finishing times of the assigned works; respective work 
finishing positions of the workers; respective intentions of the workers! 
respective total times of respective actual works of the workers; and 
respective finishing times of respective previous works of the workers. The 
"respective working states of the workers" are information indicating 
whether each of the workers is working or not, and are a sort of working 
state information. The respective working states of the workers are updated 
based on, e.g., sets of worker input information as sets of information 
inputted by the workers into the respective portable terminal devices 42 or 
the substrate -related-operation performing machines 10. The "respective 
current positions of the workers" are information obtained by estimation 
based on the sets of worker input information. For example, when a worker 
moves to carry out a work other than an assigned work, the worker inputs a 
destination of the movement into the corresponding portable terminal device 
42, so that the worker's current position is updated. For example, if, when 
the worker W3 starts the syringe replacing work on the dispenser 10DI 
belonging to the substrate -related-operation performing group 12A, the 
worker W3 inputs his own worker No. and a command into the input device 
of the dispenser 10DI, then the dispenser 10DI sends, to the assisting-work 
management device 36, a set of worker input information including the 
inputted worker No. and command. Likewise, if, when the syringe replacing 
work is finished, the worker W3 inputs a command to resume the operation 
of the dispenser 10DI, then the dispenser 10DI sends, to the assisting-work 
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management device 36, a set of worker input information including the 
inputted command with the worker number. Based on those sets of worker 
input information, the assisting-work management device 36 can recognize 
that the worker W3 has started or finished the syringe replacing work and 
that the current position of the worker W3 is near to the dispenser 10DI. In 
the present embodiment, it is assumed that the current position of each 
worker Wl through W5 is recognized as an appropriate one of three areas A, 
B, C shown in Fig. 1. For example, when the current position of the worker 
W3 is near to the dispenser 10DI belonging to the group 12A, the current 
position of the worker W3 is recognized as the area A, and the current 
worker information is updated based on this recognition. 

[0045] [0042] The "respective assigned works of the workers" are 
respective work IDs identifying respective assisting works that are assigned 
to the respective workers Wl through W5 by an assisting-work assigning 
operation that will be described later. The work IDs will also be described 
later. The "respective scheduled starting times of the assigned works" are 
respective scheduled starting times of the assigned works that are to be 
firstly carried out by the workers Wl through W5, respectively. The 
"respective scheduled finishing times of the assigned works" are respective 
scheduled finishing times of the assigned works that are to be last carried 
out by the workers Wl through W5, respectively. An operation of calculating 
the scheduled starting and finishing times of each of the supplying works 
and the recovering works will be described later. The respective scheduled 
starting times of the assigned works and the respective scheduled finishing 
times of the assigned works are a sort of assignment state as information 
related to the assisting work(s) assigned to each worker Wl through W5 (i.e., 
the respective assignment states of the workers Wl through W5 are a 
portion of the current worker information). The respective scheduled 
starting times of the assigned works and the respective scheduled finishing 
times of the assigned works are utilized in the assisting-work assigning 
operation, described later, so that new assisting works may be assigned to 
respective time durations prior to the respective scheduled starting times, or 
respective time durations subsequent to the respective scheduled finishing 
times. The "respective work finishing positions of the workers" are 
respective positions of the workers Wl through W5 when the assigned 
works that are last carried out by the workers, respectively, are finished. In 
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the case where there are no assisting works assigned to each worker, the 
position of the each worker when the assigned work is finished is equal to 
the current position of the each worker. The respective positions when the 
assigned works are finished and the above-described respective current 
positions of the workers are a sort of position information. The "respective 
temporarily assigned works of the workers" are information indicating 
which of the assisting works has been temporarily assigned to who of the 
workers Wl through W5, and include respective work IDs identifying 
respective assisting works temporarily assigned to the workers. The 
information of "respective intentions of the workers" indicates whether the 
assisting work temporarily assigned to each worker Wl through W5 has 
been accepted by the each worker. The "respective total times of respective 
actual works of the workers" are respective current total times during which 
the workers Wl through W5 have actually carried out the assisting works in 
a day, and are a sort of work-amount information representing a load of the 
assisting work(s) carried out by each worker in the past or the future. The 
"respective finishing times of respective previous works of the workers" are 
respective finishing times of the respective assisting works that have been 
last carried out by the workers, and are a sort of the assignment state of 
each worker Wl through W5. In the table shown in Fig. 4, each of the 
column of "temporarily assigned work" and the column of "intention of 
worker" is labeled with a parenthesized work ID --(N7)--and a parenthesized 
answer --(Y)-- f since those work IDs and those answers are temporarily 
recorded but then deleted when a responsible worker as a worker who is 
responsible for carrying out each assisting work is determined. 
feQ4fet [0043] 4. Information Related To Assisting Works 

4.1 Obtaining Assisting- Work Occurrence Information 

Assisting-work occurrence information is related to 
occurrence of a need to carry out an assisting work, and is produced by the 
machine management device 32 based on information supplied from each 
substrate -related-operation performing machine 10. A set of assisting-work 
occurrence information includes an object and a sort of an assisting work 
and a time when the work is to be carried out. The assisting-work 
management device 36 receives the sets of assisting-work occurrence 
information from the machine management device 32, and thereby 
recognizes what sorts of assisting works should be assigned to the workers 
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Wl through W5. More specifically described, the assisting-work 
management device 36 obtains supplying-work occurrence information as 
assisting-work occurrence information related to a material supplying work, 
and recovering-work occurrence information as assisting-work occurrence 
information related to a recovering work, and manages sets of supplying- 
work occurrence information and sets of recovering work occurrence 
information. Although the assisting-work management device 36 manages 
assisting works related to other responsibility sections than the 
responsibility section 50 shown in Fig. 1, the following description of the 
present embodiment addresses only the assisting works related to the 
responsibility section 50 as a representative section, and the assignment of 
those assisting works as a representative assignment. Here, it is assumed 
that the assisting works related to the responsibility section 50 be carried 
out by the workers Wl through W5 who are responsible for the substrate- 
related-operation performing groups 12A, B, C, and not carried out by any 
other workers. 

10047 } [0044] 4.2 Supplying- Work Occurrence Information 

Supplying-work occurrence information is information 
related to occurrence of a need to carry out a supplying work, and includes a 
material shortage time when a material will run short. A material shortage 
time of each sort of material is determined by the machine management 
device 32 based on a remaining amount of the each material that is sent 
from a corresponding substrate -related-operation performing machine 10. 
Each substrate-related-operation performing machine 10 periodically (e.g., 
every minute) sends, to the machine management device 32, a remaining 
amount of the material used by the each machine 10, together with a 
current time (i.e., a time when the remaining amount is measured). The 
machine management device 32 stores, as an operation history of the each 
machine 10, a plurality of sets of data each set of which includes the 
remaining amount of the material and the current time, and determines, 
based on a pre-set number of the sets of data, a speed of operation of the 
each machine 10 and a speed of decreasing of the material. In addition, 
based on the thus determined speed of decreasing of the material and the 
last set of data including the last remaining amount of the material and the 
last current time, the machine management device 32 determines, as a 
material shortage time, a time when the remaining amount of the material 
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will become equal to a pre-set minimum amount. A set of supplying-work 
occurrence information includes a material shortage time of a material, a 
name of a supplying work, and work-object information as information 
representing that material. The machine management device 32 periodically 
(e.g., every minute) sends a set of supplying-work occurrence information to 
the assisting-work management device 36. Each substrate-related-operation 
performing machine 10 sends the above-described worker input information 
to the machine management device 32, and the machine management 
device 32 modifies the material shortage time of each material based on the 
worker input information. 

{0048 } [0045] Recovering-Work Occurrence Information 

Recovering-work occurrence information is information 
related to occurrence of a need to carry out a recovering work, and is sent 
from the machine management device 32 to the assisting-work management 
device 36 at the time of occurrence of the recovering work. The machine 
management device 32 receives, from each substrate-related-operation 
performing machine 10, information related to a failure thereof recognized 
by a self- diagnosis function thereof, and produces a set of recovering-work 
occurrence information. For instance, if a rate at which a suction nozzle of a 
component mounting machine 10RO, XY fails to suck a component is higher 
than a reference rate, then the machine 10 judges that the suction nozzle 
has failed, and sends, to the machine management device 32, information 
indicating that a failure has occurred, information identifying the nozzle, 
and information representing the rate at which the nozzle fails to suck 
components. The machine management device 32 judges, based on the 
received information, whether a suction-nozzle replacing work should be 
quickly carried out and sends, to the assisting-work management device 36, 
a set of recovering-work occurrence information as a command to carry out a 
nozzle replacing work as a sort of recovering work. The set of recovering- 
work occurrence information includes work-object information as 
information identifying a work object (e.g., a suction nozzle), information 
representing a time when a failure occurred, and urgency-degree 
information representing whether a recovering work should be quickly 
carried out. 

[0048] — [0046] 4.4 Supplying Work List 

The assisting-work management device 36 produces, based 
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on the thus obtained sets of supplying-work occurrence information and the 
above-described basic assisting-work information, a list of supplying works 
that have occurred, and stores the thus produced list as a supplying work 
list in the memory device of the device 36. The supplying work list is utilized 
in the assisting-work assigning operation, described later, in which the 
supplying works present in the supplying work list are assigned to 
respective responsible workers, basically in the order of respective degrees 
of priority of the supplying works. Fig. 5 shows a portion of the supplying 
work list at a certain time of day. The supplying work list includes 
information related to work IDs; work-object codes; priority -order times; 
recommended arrival times; material shortage times; material codes! and 
near-position continuous works (indicated by "near continuous work" in Fig. 
5, and abbreviated to the "near continuous work(s)" in the following 
description, where appropriate). The "work IDs" are respective identification 
codes identifying the respective assisting works. The work IDs identifying 
the assisting works that have been already finished are not used again. 
Therefore, when new assisting works occur, new work IDs are given to those 
new works, respectively. Generally, the order of the work IDs does not 
always coincide with the order of the priority-order times. However, in the 
supplying work list shown in Fig. 5, it is assumed that the order of the work 
IDs coincides with the order of the priority -order times, for easier 
understanding purposes only. The "work-object codes" are codes produced 
based on the sets of work-object information sent from the machine 
management device 32, and are information identifying respective places 
where respective materials as respective objects of the supplying works are 
held or stored. Each work-object code includes information related to a 
specific substrate-related-operation performing group 12, a specific sort of a 
substrate -related-operation performing machine 10, and a specific 
attachment position in the specific machine 10 that holds or accommodates 
a corresponding material. For example, regarding a work-object code- 
A-XY-306, "A" indicates the substrate-related-operation performing group 
12A; "XY" indicates the substrate -related-operation performing machine 
10XY; "3" out of "306" indicates a mounting module, No. 3, out of a plurality 
of mounting modules employed by each substrate -related-operation 
performing machine 10XY; and "06" out of "306" indicates a feeder 
attachment position, No. 06, out of a plurality of feeder attachment positions 
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on a feeder table employed by each mounting module. In addition, regarding 
a work-object code- B-RO205 related to a high-speed component mounting 
machine 10RO, "2" out of "205" indicates a feeder table, No. 2, out of the two 
feeder tables employed by each high-speed component mounting machine 
10RO; and "05" out of "205" indicates a feeder attachment position, No. 05, 
out of a plurality of feeder attachment positions on each feeder table. 
[0050] [0047] The "recommended arrival times" are respective times when 
the workers Wl through W5 are recommended to arrive at respective work 
places, and are a sort of assignment state of each worker. So long as each 
worker does not have any special reasons, e.g., a reason that an arrival will 
be delayed because of the previous assisting work, the each worker must 
arrive at each work place before the corresponding recommended arrival 
time, and start the corresponding assisting work. However, in the case 
where an assisting work is a work, such as a feeder replacing work, that 
needs to take a new material, the corresponding recommended arrival time 
will be a time when a worker should arrive at a work place after the worker 
has taken the new material. A recommended arrival time is calculated by 
adding an arrival-time adjusting time, shown in Fig. 2, to a material 
shortage time. An arrival-time adjusting time is a pre-set time that is used 
to adjust a recommended arrival time. For example, the reel replacing work 
may be started 120 seconds before a time when an operation of a 
general-purpose component mounting machine 10XY is stopped, and 
accordingly an arrival-time adjusting time corresponding to the reel 
replacing work is pre-set at - 120 seconds. Each of the solder supplying 
work, the syringe replacing work, and the feeder replacing work XY is a 
supplying work that may not be started before an operation of a 
corresponding substrate-related-operation performing machine 10 is stopped, 
and accordingly an arrival-time adjusting time corresponding to each of 
those supplying works is pre-set at - 30 seconds, so as to start the each 
supplying work immediately after the machine 10 is stopped and thereby 
minimize a time duration in which the machine 10 is stopped. The 
"priority-order times" are respective times when the assisting works are 
carried out, and are a sort of priority degree of each assisting work. An 
assisting work having an earlier priority-order time has a higher priority 
degree for its assignment to a worker. In the supplying work list shown in 
Fig. 5, the supplying works are arranged in the order of the corresponding 



29 



priority-order times, i.e., from the earliest time to the latest time, and 
basically those works are assigned in this order to the workers Wl through 
W3. A priority-order time is obtained by adding a priority-order adjusting 
time (Fig. 2) to a recommended arrival time. A priority-order adjusting time 
is a pre-set time to adjust a priority order. For example, regarding each of 
the solder supplying work, the syringe replacing work, and the feeder 
replacing work XY, it is desirable to carry out the each work immediately 
after the operation of the corresponding substrate -related-operation 
performing machine 10 is stopped by the shortage of the material consumed 
by the same 10, and a priority-order adjusting time for the each work is 
pre-set at - 30 seconds so as to increase a priority degree of the each work. 
On the other hand, regarding the feeder replacing work RO, the operation of 
the corresponding high-speed component mounting machine 10RO is not 
stopped so soon after the material consumed by the same 10RO runs short, 
and accordingly it is not needed so much to hurry the feeder replacing work 
RO. Therefore, a priority -order adjusting time for the feeder replacing work 
RO is pre-set at 60 seconds so as to decrease a priority degree of the work. 
Each priority-order adjusting time and/or each arrival-time adjusting time 
may be changed, as needed, based on a sort, a frequency, and an importance 
of a corresponding supplying work; a skill level of each worker (e.g., an 
actual time needed by the each worker to carry out a supplying work), and a 
total number of the workers. 

[0051] [0048] The "near-position continuous works" are information 
indicating whether each supplying work has one or more near-position 
continuous works that are to be carried out at respective positions near to 
the position where the each supplying work is to be carried out and can be 
continuously carried out by one worker. For example, in the case where a 
worker can carry out, after having finished one supplying work in a certain 
area, one or more other supplying works in the same area, all those 
supplying works are determined as near-position continuous works. In this 
case, when the earliest one of the plurality of near-position continuous 
works is assigned to one worker, the other near-position continuous works 
are simultaneously assigned to the same worker. Since the worker can 
continuously carry out the near-position continuous works at the respective 
positions near to each other, the work efficiency of the worker is improved. 
For example, in the case where the column of "near continuous work" 
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corresponding to a certain supplying work is indicated by "0" in Fig. 5, the 
supplying work has no near-position continuous works; and in the case 
where the column of "near continuous work" corresponding to a certain 
supplying work is indicated by "1" or "2" in Fig. 5, the supplying work has 
one or two near-position continuous works that are to be carried out 
continuously after the supplying work is carried out. In addition, in the case 
where the column of "near continuous work" corresponding to a certain 
supplying work is indicated by a work ID in Fig. 5, the supplying work is a 
near-position continuous work to be carried out following a supplying work 
having the work ID. This near-position continuous work will be referred to 
as the "dependent work". In the case where a dependent work is a supplying 
work, such as the reel replacing work, that needs to take a new material, a 
worker can take the new material simultaneously when the worker takes a 
new material for the earliest one of the plurality of near-position continuous 
works to which the dependent work belongs. In this case, therefore, the 
worker needs substantially no additional time to take the new material for 
the dependent work. 

[0052] [0049] The supplying work list, shown in Fig. 5, is updated each 
time the assisting-work management device 36 receives a set of 
supplying-work occurrence information. More specifically described, a 
work-object code as a portion of the received set of supplying-work 
occurrence information is checked against the respective work-object codes 
of the supplying works present in the supplying work list and, e.g., a 
material shortage time for the corresponding supplying work is updated. If 
the material shortage time is updated in the supplying work list, the 
priority-order adjusting time and the recommended arrival time 
corresponding to the supplying work are updated based on the updated 
material shortage time, and all the supplying works present in the 
supplying work list are re-arranged in the new order of the respective 
priority-order times thereof. 
[0053] [0050] 4.5 Recovering Work List 

The assisting-work management device 36 produces, based 
on the obtained sets of recovering-work occurrence information and the 
above-described basic assisting-work information, a list of recovering works 
that have occurred, and stores the thus produced list as a recovering work 
list in the memory device of the device 36. Basically, if at least one 
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recovering work is present in the recovering work list, then the 
assisting-work management device 36 determines at least one worker 
responsible for the at least one recovering work, in the assisting-work 
assigning operation, described later. To this end, the assisting-work 
management device 36 refers to the above-described worker master file and 
current worker information file. Fig. 6 shows a portion of the recovering 
work list at a certain time of day. The recovering work list includes 
information related to work IDs; work-object codes; urgency degrees; 
occurrence times; standard needed times; replacement-component codes! 
responsible workers; and simultaneous works. The "work-object codes", used 
in the recovering work list, are defined in a substantially same manner as 
the manner in which the work-object codes, used in the above-described 
supplying work list, are defined. For example, regarding a work-object code: 
C - XY - 4N3, "C - XT' is defined as described above; and "4N3" is defined 
to indicate a suction nozzle attached to a suction-nozzle attachment position, 
No. 3, of a plurality of suction- nozzle attachment positions provided in a 
mounting module, No. 4, of a plurality of mounting modules employed by 
each general-purpose component mounting machine 10XY. Work-object 
information as information identifying an object of a recovering work, such 
as the above-described suction nozzle, includes a work-object code and a 
replacement-component code, such as a nozzle code identifying the 
above-described suction nozzle. The "occurrence times" are respective times 
when recovering works have occurred, and are a sort of assignment state of 
each worker. The respective "urgent degrees" of recovering works are 
determined by the machine management device 32 in the following manner^ 
For example, an urgent degree of a recovering work corresponding to such a 
failure of a substrate-related-operation performing machine 10 that results 
in a halt of the device 10 is determined as "H (high)". In addition, in the case 
where a suction nozzle has failed, if a rate at which component sucking or 
mounting errors occur is higher than a reference value, then an urgent 
degree of a nozzle replacing work is determined as "H (high)"; and if the rate 
is not higher than the reference value, then the urgent degree is determined 
as "L (low)". Even if a certain suction nozzle may fail, another suction nozzle 
may be used in place of the former nozzle. In this case, the former nozzle 
need not be so quickly replaced with a new suction nozzle. The 
"simultaneous works" are information indicating an assisting work that is, 
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when a recovering work is to be carried out on a substrate -related-operation 
performing machine 10, to be carried out on the same device 10 
simultaneously with the recovering work. In this case, the column of 
"simultaneous work" corresponding to the recovering work is indicated by a 
work ID of the assisting work. A simultaneous work is an assisting work 
that is desired to be carried out simultaneously with a recovering work. For 
example, if a certain assisting work requires stopping of a 
substrate-related-operation performing machine 10 on which a recovering 
work is to be carried out, the recovering work is so determined as to be 
carried out simultaneously with the assisting work. More specifically 
described, if a time of occurrence of a nozzle replacing work for a mounting 
module of a certain general-purpose component mounting machine 10XY 
and a time when a feeder replacing work XY for the same mounting module 
is to be carried out are near to each other, a time when the nozzle replacing 
work is to be carried out is changed to be simultaneous with the time when 
the feeder replacing work XY is to be carried out, so that the two assisting 
works may be simultaneously carried out by different workers, respectively. 
In this manner, a time duration in which the general-purpose component 
mounting machine 10XY is stopped can be reduced as compared with a 
manner in which the two assisting works are carried out at different times. 
Thus, a recovering work accompanied by a simultaneous work is carried out 
when the simultaneous work is carried out. 
[0054] [0051] 5. Assignment of Assisting Works 
5.1 Assisting- Work Management Program 

The assisting-work management device 36 or the computer 
thereof implements an assisting-work management program so as to 
manage assisting works. The above-described supplying work list and 
recovering work list are updated according to an assisting- work-occurre nee - 
information obtaining routine, not shown, as a portion of the assisting-work 
management program. Fig. 7 shows a flow chart representing the 
assisting-work management program. Hereinafter, there will be described 
an assisting-work assigning operation by reference to the flow chart of Fig. 7. 
The assisting-work management program is repeatedly implemented in a 
short time. 

[0055] [0052] First, at Step Sll, the computer refers to the above -de scribed 
recovering work list and judges whether there are any recovering works for 
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each of which a responsible worker has not been determined. If all the 
substrate -related-operation performing machines 10 are normal, the 
recovering work list has no recovering works recorded therein and 
accordingly a negative judgment ("N") is made at Step Sll. On the other 
hand, if a positive judgment ("Y") is made at Step Sll, the control of the 
computer proceeds with Step S12 to assign the recovering work or works to 
an appropriate worker or workers Wl through W5 in a manner, described 
later. Since a degree of importance of any recovering work is higher than 
that of any supplying work, the assisting-work management program is 
designed to give a higher priority to the assignment of any recovering work 
than to the assignment of any supplying work. 

[0056] [0053] Then, at Steps S13 through S16, the computer assigns a | 
supplying work. The assignment of supplying work includes a temporary 
supplying-work assignment routine (Step S15) in which one or more 
candidates for a responsible worker who carries out the supplying work are 
selected from the workers Wl through W5, and information related to the 
supplying work is sent to the selected candidates; and a supplying-work 
assignment confirmation routine (Step S16) in which each of the candidates 
who have received the information inputs, as worker intention information, 
his or her intention about whether he or she will carry out the supplying 
work, into his or her portable terminal device 42, and the computer 
conforms, based on the received sets of worker intention information, the 
assignment of the supplying work. Each of the routines of Steps S15 and 
S16 is implemented under a pre-set condition. 

[0057] [0054] Steps S13 through S16 will be described in detail below, | 
under the following assumptions '• First, it is assumed that the supplying 
work list, shown in Fig. 5, shows that at the time of 14:00:00, respective 
responsible workers for respective supplying works having respective work 
IDs, Nl through N6, have been determined (hereinafter, the supplying work 
having Nl as its work ID will be simply referred to as the "work Nl", and 
this applies to the other supplying works). In addition, though, e.g., a 
material shortage time shown in the supplying work list may be changed 
upon reception of a new set of material shortage information, here it is 
assumed that no portions of the supplying work list are changed in that 
event for easier understanding purposes only, and it is additionally assumed 
that no recovering works occur. Moreover, though in the supplying work list, 
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the "respective responsible workers" and the "respective near continuous 
works" for the works N7 through N15 are indicated by respective 
parenthesized data, those data have not been recorded at the current time of 
14-00-00. If no material shortage times are changed, no recovering works 
occur, and supplying works are carried out smoothly, then the parenthesized 
responsible workers and near continuous works are actually determined as 
time elapses. Fig. 8 shows a graph representing the supplying work list 
shown in Fig. 5. In the graph, priority-order times are represented by data 
recommended arrival times are represented by data "O"; and material 
shortage times are represented by data "O", and a priority-order time "□", a 
recommended arrival time " O " and a material shortage time " O " 
corresponding to each supplying work are connected to each other by double 
lines. However, the double lines do not mean that the responsible worker for 
the each supplying work is engaged in the supplying work throughout a 
time duration corresponding to the double lines, or that the worker is not 
engaged in the supplying work at any times other than that time duration. 
Here, it is assumed that basically, the responsible worker is engaged in the 
each supplying work from the recommended arrival time to a scheduled 
finishing time (described later) of the supplying work. However, in the case 
where the supplying work needs taking a new material (e.g., the feeder 
replacing work that is not determined as the dependent work) and/or 
changing the areas A, B, C, it is assumed that the responsible worker is 
engaged in the supplying work from a time obtained by subtracting, from 
the recommended arrival time, the respective times needed to take the new 
material and move between the two areas. The scheduled finishing time of 
each supplying work is a time when the each supplying work is predicted to 
be finished, and is obtained by adding, to the recommended arrival time, a 
standard needed time for the each supplying work. 

[0058] [0055] On the above-described assumptions, Steps S13 through S16 j 
will be described in detail. At Step Si 3, the computer judges whether there 
are any temporarily assigned works, i.e., any supplying works that have 
been temporarily assigned. More specifically described, the computer checks 
the current worker information file (Fig. 4) so as to judge whether a work ID 
is recorded as the "temporarily assigned work" for any workers. If a work ID 
is recorded as the "temporarily assigned work" for any workers, a positive 
judgment is made at Step Si 3, and the control goes to Step S16 (described 



35 



later); and if no work ID is recorded as the "temporarily assigned work" for 
any workers, a negative judgment is made at Step S13 and the control goes 
to Step S14 to judge whether there are any pending works. The pending 
works mean supplying works for which responsible workers have not been 
determined and whose priority-order times fall within a pre -set time 
duration (e.g., 4 minutes) after the current time. More specifically described, 
the computer selects, from the supplying works recorded in the supplying 
work list (Fig. 5), one or more pending works such that each of the pending 
works is a supplying work whose "responsible worker" has no worker No. 
(here, it is assumed that the parenthesized worker Nos., shown in Fig. 5, 
have not been recorded yet at the current time of 14*00*00), and whose 
"priority-order time" meets the above-described condition. Since the 
assisting works whose priority-order times fall within the pre-set time 
duration after the current time are selected as the pending works, 
responsible workers for those assisting works can be determined at 
respective times based on the respective times when the assisting works are 
to be carried out. However, it is possible to determine a time when each 
assisting work is assigned, based on not its priority-order time but its 
recommended arrival time or its material shortage time. In the present 
embodiment, since the time when each assisting work is assigned is 
determined based on its priority-order time, such an assisting work (e.g., the 
feeder replacing work XY that cannot be carried out unless the operation of 
the corresponding substrate-related-operation performing machine 10 is 
stopped after the material runs short) that has a low degree of freedom with 
respect to the time when the work is carried out and needs stopping of the 
operation of the corresponding substrate-related-operation performing 
machine 10 can be assigned at an early time. For example, the above- 
described steps are implemented, as follows- At the time of 14*00*00, there is 
no temporarily assigned work and accordingly a negative judgment is made 
at Step S13, so that the control goes to Step S14. Since at the time of 
14*00*00, there is no pending work and accordingly a negative judgment is 
made at Step S14. Then, the present program is repeated and, at the time of 
14*00*30, the priority-order time of the work N7 falls within 4 minutes after 
the current time and the work N7 has no responsible worker determined 
therefor, i.e., it is a pending work. Therefore, a positive judgment is made at 
Step S14, and the control goes to Step S15. In the following description, 



36 



times indicated by only minutes and seconds, such as 00'30", are all times 
past 14:00^00. 

[0059] [0056] 5.2 Temporary Supplying- Work Assignment Routine 

Fig. 9 shows a flow chart representing the temporary 
supplying-work assignment routine at Step S15. First, at Step S31, the 
computer determines, as an objective work that is an assisting work to be 
assigned, a highest-priority work that is a supplying work to be assigned 
with the highest priority. For example, in the case where the supplying work 
list has only one pending work, the pending work is determined as the 
highest-priority work; and in the case where the supplying work list has a 
plurality of pending works, one of the pending works that has the earliest 
priority-order time is determined as the highest-priority work. In the case 
where the supplying work list has a plurality of pending works whose 
priority-order times are equal to each other, one of the pending works that 
has the earliest recommended arrival time or the earliest material shortage 
time is determined as the highest-priority work. In the case where the 
supplying work list has a plurality of pending works whose priority-order 
times are equal to each other, whose recommended arrival times are equal 
to each other, and whose material shortage times are equal to each other, 
one of the pending works that has the smallest work ID is determined as the 
highest-priority work. For example, at the current time of 00'30", the 
supplying work list has only one pending work, i.e., the work N7, i.e., the 
solder supplying work. Therefore, the work N7 is determined as the 
highest-priority work. At Steps S32 and S33, the computer determines a 
near continuous work for only the highest-priority work which is other than 
the syringe replacing work and whose needed skill level is "L". More 
specifically described, the computer refers to the supplying work list with 
respect to the "work name" and the "needed skill level" of the 
highest-priority work (i.e., the work N7), and makes a judgment at Step S32. 
Since, in the present embodiment, the supplying works whose needed skill 
levels are "H" are carried out at a considerably low frequency and 
accordingly are unlikely to be near continuous works, those works are 
excluded. In addition, since it is preferred that one of the near continuous 
works that is to be carried out first of all be a supplying work that needs to 
take a new material such as a reel, the syringe replacing work is not 
determined as the first one of the near continuous works. Since the "needed 
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skill level" of the work N7 is "H", no near continuous works are not 
determined for the work. Therefore, in this example, only the work N7 as 
the highest-priority work is determined as the objective work. 
[0060] [0057] At Step S34, the computer selects, based on the pre-set 
worker information and the current worker information, one or more 
candidates for the objective work. First, regarding the selection based on the 
pre-set worker information, the computer refers to the pre-set worker 
information file (Fig. 3) with respect to the respective "responsibility 
sections" and the respective "worker skill levels" of all the workers Wl 
through W5, and selects, as one or more first candidates, one or more 
workers the responsibility section of each of which covers the highest- 
priority work, and then selects, as one or more second candidates, one or 
more selected first workers the worker skill level of each of which is equal to 
the needed skill level of the highest-priority work. Subsequently, the 
computer selects, as one or more third candidates, one or more selected 
second candidates, based on respective assignment states thereof each as a 
sort of the current worker information. More specifically described, the 
computer refers to the current worker information (Fig. 4) with respect to 
the respective "scheduled finishing times of assigned works" corresponding 
to the second candidates and, in short, the computer selects, as one or more 
third candidates, one or more second candidates the scheduled finishing 
time of each of which is prior to the time when the highest-priority work is 
to be carried out. Then, the computer selects, as one or more proper 
candidates, one or more selected third candidates, based on respective 
position information thereof as another sort of the current worker 
information. More specifically described, the computer refers to the current 
worker information with respect to the respective "work finishing positions" 
of the third candidates and, in short, the computer selects, as one or more 
proper candidates, one or more third candidates the work finishing position 
of each of which is sufficiently near to the position where the highest- 
priority work is to be carried out. More specifically described, the computer 
selects, as one or more proper candidates, one or more third candidates the 
work finishing position of each of which belongs to the same area as the area 
to which the position where the highest-priority work is to be carried out 
belongs. If there is no third candidate that meets the above -described 
conditions, then the computer selects, as one or more proper candidates, one 
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or more third candidates the work finishing position of each of which 
belongs to an area adjacent to the area to which the position where the 
highest-priority work is to be carried out belongs. If there is no third 
candidate that meets the latter condition, then the computer selects, as one 
or more proper candidates, one or more third candidates the work finishing 
position of each of which belongs to an area that is adjacent to the area 
adjacent to the area to which the position where the highest-priority work is 
to be carried out belongs. 

[0061] [0058] One or more proper candidates for the work N7 are selected 
in the following manner: First, from the objective work code (B - PR - CH) 
of the work N7, the computer judges that the work N7 is an assisting work 
related to the substrate -related-operation performing group 12B, and selects, 
as the first candidates, the workers Wl through W5 the "responsibility 
section" of each of whom is indicated by "A, B, C" including the area B in the 
pre-set worker information file (Fig. 4) (though only the workers Wl 
through W5 are shown in Fig. 3, the present substrate -related-operation 
performing system is operated by not only the workers Wl through W5 but 
also other workers, and the assisting-work management device 36 manages 
assisting works assigned to those other workers). In addition, since the 
needed skill level of the work N7 is "H" (Fig. 2), the computer selects, as the 
second candidates, the workers Wl, W2 (Fig. 3) the "worker skill level" of 
each of whom is indicated by "H". Subsequently, the computer refers to the 
respective "scheduled finishing times of assigned works" corresponding to 
the second candidates. Since at the current time of 00'30", the workers Wl, 
W2 as the second candidates have no recordings in their respective 
"scheduled finishing times of assigned works", that is, have no assigned 
works, the computer judges that both the workers Wl, W2 can carry out the 
objective work, and accordingly determines the two workers Wl, W2 as the 
third candidates. Since, in the present embodiment, the skilled workers Wl, 
W2 are also responsible for, e.g., the maintenance works, only the material 
supplying works that are carried out at a low frequency and with a high 
degree of difficulty, and the recovering works are assigned to the skilled 
workers Wl, W2, so that a less amount of work may be assigned to the 
skilled workers Wl, W2 than the amount of work assigned to the ordinary 
workers W3 through W5. A manner in which the computer operates in the 
case where at least one of the workers Wl, W2 has an assigned work, will be 
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described in connection with an assignment of the work N8, described later. 
From the "work-object code" of the work N7, the computer recognizes that 
the position where the work is carried out is the area B. However, the 
respective "work finishing positions" of the workers Wl, W2 as the third 
candidates are the area A and the area C, respectively, that is, no third 
candidate is present in the area B. Therefore, the computer selects, as the 
proper candidates, the two workers Wl, W2 the work finishing position of 
each of which is adjacent to the area B. At Step S35, the computer updates 
the current worker information, such that the work ID "N7" is recorded in 
the respective "temporarily assigned works" of the two workers Wl, W2. 
Then, at Step S36, the computer informs each selected proper candidate of 
the pending work for which a responsible worker has not been determined 
yet. More specifically described, the computer sends information including a 
portion of the supplying work list that is related to the highest-priority work, 
to the respective portable terminal devices 42 of the two workers Wl, W2 
each via the wireless communication device 40. 
[0062] [0059] 5.3 Operation of Portable Terminal Device 

Hereinafter, there will be described an operation of the 
portable terminal device 42 by each worker Wl, W2 who is informed of a 
pending work for which a responsible worker has not been determined yet. 
The portable terminal device 42 that has received the information indicating 
the pending work displays, on a display screen 60 thereof, an image 
representing the received information, and informs, in an audible manner, 
the each worker of the fact that the terminal device 42 has received the 
information. Fig. 10 shows the display screen 60 of the portable terminal 
device 42 carried by each worker Wl, W2. More specifically described, the 
display screen 60 includes a work display portion 62 that displays the 
information indicating the pending work, i.e., the work-object code, work 
name, recommended arrival time, and material shortage time of the pending 
work. In the case where one or more near continuous works have been 
determined, the one or more continuous works, i.e., one or more supplying 
works are indicated as the second and third items (2. - and 3. -). However, 
since regarding the example shown in Fig. 10 no near continuous works 
have been determined, the second and third items are blank. Each of the 
workers Wl, W2 sees the recommended arrival time and material shortage 
time of the pending work, and judges whether he or she can carry out the 
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work. If the each worker can carry out the work, then he or she taps a pad 
"YES" 64 with his or her finger or a pen; and if not, he or she taps a pad 
"NO" 66 in the same manner. Since both the two workers Wl, W2 have no 
assigned works at that time duration, they may tap the pad "YES" 64. If so, 
each of the two portable terminal devices 42 sends, to the assisting-work 
management device 36 via the wireless communication device 40 connected 
to the LAN 30, a set of worker intention information indicating that the 
corresponding worker intends to carry out the work. The set of worker 
intention information includes the worker No., the work ID, and the worker 
intension about whether the worker can carry out the work (YES or NO). 
Meanwhile, if each worker taps a pad "Schedule" 68 located in a lower 
portion of the display screen 60, then the screen 60 displays information 
representing one or more assisting works that have been assigned to the 
each worker, so that the each worker can see the assigned work or works. 
[0063] [0060] 5.4 Supplying-Work Assignment Confirmation Routine 

Next, the supplying-work assignment confirmation routine 
implemented at Step S16 will be described. If at Step S13 the computer 
recognizes that the current worker information file has one or more work 
IDs recorded in the column of "temporarily assigned work", the computer 
judges that one or more temporarily assigned works are present, i.e., makes 
a positive judgment. For example, regarding the above-described 
assignment of the work N7, the workers Wl, W2 are selected as the proper 
candidates, and each have the work ID, i.e., "N7" recorded in the column of 
"temporarily assigned work". Therefore, a positive judgment is made at Step 
S13, and the control goes to Step S16. Fig. 11 shows the supplying-work 
assignment confirmation routine implemented at Step S16. First, at Step 
S41, the computer judges whether the computer has received the respective 
sets of worker intention information from all the proper candidates. More 
specifically described, the computer checks whether all the candidates that 
have the work ID in the column of "temporarily assigned work" of the 
current worker information file have "Y' or "N" in the column of "worker 
intention". If at least one of the respective columns of "worker intention" of 
the workers Wl, W2 is blank, a negative judgment is made at Step S41, and 
the control goes to Step S42 to judge whether a waiting time, tw, (i.e., 20 
seconds) has elapsed since the temporary assignment of the highest-priority 
work. If a negative judgment is made at Step S42, Step S43 and the 
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following steps are skipped, and the current control cycle according to the 
present supplying-work assignment confirmation routine is ended. On the 
other hand, if a positive judgment is made at Step S42, the control goes to 
Step S43. Thus, if the computer has obtained the respective sets of worker 
intention information from all the proper candidates, or if the waiting time 
tw has elapsed since the temporary assignment of the highest-priority work, 
then the computer makes a judgment at Step S43. 

[0064] [0061] At Step S43, the computer judges whether the current work 
information file has at least one data "Y" recorded in the respective columns 
of "worker intention" of the proper candidates. If a positive judgment is 
made at Step S43, the control goes to Step S44. Here, it is assumed that the 
current work information file has the data "Y" recorded in each of the 
respective columns of "worker intention" of the two workers Wl, W2. That is, 
it is assumed that in the above-described manner, both the workers Wl, W2 
have inputted, into their portable terminal devices 42, respective intentions 
that they can carry out the highest-degree work. Meanwhile, if the workers 
Wl, W2 input, into their portable terminal devices 42, their intentions to 
carry out the work, then the computer updates, at Step S18 described later, 
the corresponding columns of "worker intention" in the current worker 
information file, i.e., record the data "Y" in each of the corresponding 
columns of "worker intention", as shown in Fig. 4. 

[0065] [0062] At Step S44, the computer determines, based on the sets of 
worker intention information and the current worker information, a 
responsible worker who carries out the objective work. If there are a 
plurality of proper candidates having the data "Y" in the corresponding 
columns of "worker intention", the computer selects, as the responsible 
worker, one of those proper candidates who has the shortest time of the 
respective total times recorded in the respective columns of "total time of 
actual works (a sort of work amount)" of the current worker information file. 
For example, regarding the assignment of the work N7, the worker Wl has 
the shorter total time than that of the worker W2, and accordingly the 
worker Wl is selected as the responsible worker. In a special case where 
respective total times of a plurality of proper candidates are equal to each 
other, one of the proper candidates who has the earliest time of the 
respective finishing times recorded in their columns of "finishing time of 
previous work" (i.e., who has the longest time of the respective waiting 
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times of the proper candidates), is selected as the responsible worker; and if 
the respective finishing times of the proper candidates are equal to each 
other, one of the proper candidates who has the smallest worker No. is 
selected as the responsible worker. 

[0066] [0063] Step S44 is followed by Step S45 to update the supplying 
work list such that the worker No. (e.g., Wl regarding the assignment of the 
work N7) of the responsible worker is recorded in the column of "responsible 
worker" of the objective work (e.g., N7). Then, at Step S46, the computer 
updates the current worker information file, such that the work ID (e.g., N7) 
of the objective work is recorded in the column of "assigned work" of the 
responsible worker (e.g., Wl), and the respective work IDs (e.g., N7) 
recorded in the respective columns of "temporarily assigned work" of the 
proper candidates (e.g., Wl, W2) and the respective data "Y" or "N" (e.g., 
T) recorded in the respective columns of "worker intention" of the proper 
candidates are deleted. In addition, the computer updates the current 
worker information file, such that a scheduled starting time of the earliest 
one of a plurality of assigned works is recorded in the column of "scheduled 
starting time of assigned work" of the responsible worker (e.g., Wl); a 
scheduled finishing time of the latest one of the assigned works is recorded 
in the column of "scheduled starting time of assigned work" of the 
responsible worker; and an area to which the latest one of the assigned 
works belongs is recorded in the column of "work finishing position" of the 
responsible worker. For example, regarding the assignment of the work N7, 
only the work N7 has been assigned to the worker Wl at the current time. 
Therefore, the work N7 is the earliest work and the latest work. Thus, the 
scheduled starting time (14:04:30), the scheduled finishing time (14:07:30), 
and the area (area B) to which the work N7 belongs are recorded in the 
column of "scheduled starting time of assigned work", the column of 
"scheduled starting time of assigned work", and the column of "work 
finishing position" of the worker Wl, respectively, as shown in Fig. 12. Here, 
a method of calculating a scheduled starting time, and a scheduled finishing 
time, of a supplying work is described. Basically, a scheduled starting time 
of a supplying work is equal to a recommended arrival time of the supplying 
work. However, in the case where a supplying work needs taking a new 
material and is not the above-described dependent work, a scheduled 
starting time of the supplying work is equal to a time obtained by 
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subtracting, from a recommended arrival time of the supplying work, a 
material taking time, i.e., a time needed to take the new material. Thus, the 
recommended arrival time, 04'30", of the work N7 is determined as the 
scheduled starting time of the same N7. A scheduled finishing time of a 
supplying work is equal to a time obtained by adding a standard needed 
time of the supplying work to a recommended arrival time of the same. Thus, 
the recommended arrival time (04'30") of the work N7, i.e., the solder 
supplying work, plus the standard needed time (3 minutes) of the same N7 
is determined as the scheduled finishing time, 14-07:30, of the same N7. At 
Step S47, the computer informs the determined responsible worker of the 
fact that the objective work has been assigned to the worker. Though not 
shown, the display screen 62 of the portable terminal device 42 of the 
worker Wl displays the work-object code, recommended arrival time, 
material shortage time, and material code of the work N7, and informs, in 
an audible manner, the worker Wl of the fact that the supplying work has 
been assigned to the worker. 

[0067] [0064] If the computer does not receive any sets of worker intention 
information, or receives only a negative answer or answers ("N"), from a 
proper candidate or candidates, within the time duration tw, then a negative 
judgment is made at Step S43, and the control goes to Step S48. For 
example, there is a case where the column of "worker intension" of the 
worker Wl is blank, and the column of "worker intension" of the worker W2 
has the data "N". At Step S48, the computer operates for waiting, at Step 
S18, for receiving information newly inputted by the proper candidate or 
candidates who have not inputted their intentions, so that one or more 
proper candidates may be re-selected at Step S15, and additionally operates 
for re-selecting the proper candidates such that the re-selected proper 
candidates do not coincide with the initially selected proper candidates. The 
former operation is performed by deleting the temporarily assigned works 
from the current worker information. In this case, since there are no 
temporarily assigned works, a negative judgment is made at Step S13, and 
the control goes to Steps S14 and S15. The latter operation is performed by 
assigning a 'dummy' work to the initial proper candidates in the current 
worker information file. That is, the respective "scheduled starting times of 
assigned works", and the respective "scheduled finishing times of assigned 
works", corresponding to the initial proper candidates are updated in the 
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same manner as the manner in which the objective work is formally 
assigned to the responsible worker. Therefore, when one or more proper 
candidates are re-selected at Step S15, the computer recognizes that when 
the objective work is carried out, the initial proper candidates must be 
carrying out other works. Thus, when one or more proper candidates are 
re-selected, a dummy work has been assigned to the initial proper 
candidates. Therefore, one or more workers who are located at respective 
positions remoter from the work place than the positions where the initial 
proper candidates are located, are re -selected as proper candidates. 
[0068] [0065] 5.5 Reception of Input Information 

Next, Steps S17 and S18, shown in Fig. 7, will be described. 
If the assisting-work management device 36 receives a set of worker input 
information, a positive judgment is made at Step S17, and the control goes 
to Step S18 where the computer updates, based on the received information, 
various sorts of information. When a worker inputs, into the corresponding 
portable terminal device 42, his or her intention to carry out a pending work, 
the terminal device 42 sends, as a set of worker input information, a set of 
worker intention information to the assisting-work management device 36, 
so that the management device 36 updates the corresponding column of 
"worker intention" in the current worker information, shown in Fig. 4. When 
a worker inputs, into a substrate -related-operation performing machine 10, 
information indicating that he or she has finished an assisting work on the 
machine 10, the machine 10 sends, as a set of worker input information, the 
inputted information to the assisting-work management device 36, so that 
the management device 36 judges that the assisting work has been finished 
and updates the current worker information file, the supplying work list, 
and/or the recovering work list. For example, when the worker W5 inputs, 
into the input device of the general-purpose component mounting machine 
10XY, information indicating that he or she has finished the work Nl, i.e., 
the reel replacing work, the assisting-work management device 36 updates 
the current worker information file, with respect to the worker W5, from the 
state shown in Fig. 4 to the state shown in Fig. 12. More specifically 
described, with respect to the worker W5, the work Nl is deleted from the 
column of "assigned work"; --waiting--is recorded in the column of "working 
state"; the respective columns of "scheduled starting time of assigned work" 
and "scheduled finishing time of assigned work" are updated by being 
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calculated in the above -described manner; a time needed to carry out the 
work Nl is added to the current total time recorded in the column of "total 
time of actual works"; and the finishing time of the work Nl is recorded in 
the column of "finishing time of previous work". In addition, the information 
related to the work Nl is recorded in an assisting-work history, and is 
deleted from the supplying work list. Meanwhile, when a recovering work is 
finished, the current work information file and the recovering work list are 
updated in a similar manner. 

[0069] [00661 5.6 Assignment of Work N8 | 

While the foregoing description relates to the assignment of 
the work N7, i.e., an assisting work whose needed skill level is "H", the 
following description relates to an assignment of a work N8, i.e., an 
assisting work whose needed skill level is "L". The following description is 
focused on Step S33 that is skipped in the foregoing description, i.e., a 
determination of one or more near-position continuous works, and Step S34 
where one or more proper candidates are selected in the case where at least 
one work ID is recorded in the columns of "assigned work" of the current 
worker information. When the current time becomes equal to 14:01*40 after 
the assignment of the work N7, the temporary supplying-work assignment 
routine is started, and the work N8 is determined as the highest-priority 
work (at Step S31 of Fig. 9). 

feOml [0067] Since the needed skill level of the work N8 is "L" and | 

the work N8 is not the syringe replacing work, a positive judgment is made 
at Step S32 and the control goes to Step S33 where the computer determines 
one or more near-position continuous works (hereinafter, simply referred to 
as the "near continuous work(s)", where appropriate). At Step S33, the 
computer regards the highest-priority work as a first near continuous work, 
and searches for a second near continuous work to be carried out following 
the first near continuous work, and a third near continuous work to be 
carried out following the second near continuous work. In the present 
embodiment, the computer selects, as those near continuous works, 
supplying works that belong to the same area as the area to which the 
highest-priority work (the work N8) belongs, that each have the needed skill 
level "L", and that can be continuously carried out by one worker. More 
specifically described, the second and third near continuous works are 
selected from the supplying works that are to be carried out in the same 
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area as the area to which the highest-priority work belongs and that each 
need the skill level "L", in the following manner* First, the computer selects, 
as the second near continuous work, a supplying work whose recommended 
arrival time falls within a pre-set time duration following the scheduled 
finishing time of the highest-priority work. If there are a plurality of 
supplying works whose recommended arrival times fall within the pre-set 
time duration, then the computer selects, as the second near continuous 
work, one of the supplying works that has the earliest recommended arrival 
time. The reason why the pre-set time duration following the scheduled 
finishing time of the highest-priority work is used to select the second near 
continuous work is to make not too long a work-free time interval between 
the end of one supplying work and the start of the next supplying work. If 
the second near continuous work is selected, then the computer selects, as 
the third near continuous work, a supplying work whose recommended 
arrival time falls within a pre-set time duration following the scheduled 
finishing time of the second near continuous work. If there are a plurality of 
supplying works whose recommended arrival times fall within the pre-set 
time duration, then the computer selects the third near continuous work in 
the same manner as described above, i.e., one of the supplying works that 
has the earliest recommended arrival time. Basically, the total number of 
the near continuous works determined by the computer is not limited. 
However, in the present embodiment, at most three near continuous works 
are determined. If a plurality of near continuous works are determined, 
then those near continuous works are assigned, as objective works, to one 
worker. Hereinafter, the second and third near continuous works will be 
referred to as the "dependent works", where appropriate. 

(QQ^jJ [0068] Next, there will be described how Step S33 is | 

implemented in assigning the work N8. The work N8 is the feeder replacing 
work (C - XY - 213), and the scheduled finishing time of the work N8 is 
14*06*40 obtained by adding a standard needed time (l minute) to the 
recommended arrival time (14*05*40) thereof. The computer judges that any 
supplying work whose recommended arrival time falls within the pre-set 
time duration (e.g., 2 minutes) from the time 06*40", which belongs to the 
area C, and whose needed skill level is "L" can be carried out. Since the 
work N12, i.e., the feeder replacing work RO (C- RO - 205) has the 
recommended arrival time, 07*40", and belongs to the area C, the work N12 
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is selected as the second near continuous work. Subsequently, the computer 
selects the third near continuous work from one or more supplying works 
that belong to the same area as the area C to which the work N8, i.e., the 
second near continuous work belongs, and whose needed skill level is "L". 
More specifically described, the computer determines the scheduled 
finishing time (7'30") of the work N8, and searches for one or more 
supplying works whose recommended arrival times fall within the pre-set 
time following the scheduled finishing time. Regarding the present example, 
however, the computer cannot find any candidates for the third near 
continuous work. Therefore, the computer determines the work N8 and the 
work N12 as the near continuous works, and updates the supplying work 
list such that data "1" and data "N8" are recorded in the respective columns 
of "near continuous work" of the work N8 and the work N12. The data "1" 
indicates the number of the near continuous work(s) to be carried out 
following the work N8; and the data "N8" indicates the work ID of the 
highest-priority work. Since the works N8, N12 as the near continuous 
works are assigned, as the objective works, to one worker, a total amount of 
movement of that worker can be reduced. In addition, when the worker 
moves to a corresponding one of the electronic-component storage places 46, 
the worker can take or obtain both a new feeder needed by the work N8 to 
replace the current feeder of the general-purpose component mounting 
machine 10XY, and a new feeder needed by the work N12 to replace the 
current feeder of the high-speed component mounting machine 10RO. 
Therefore, the worker need not do two reciprocations, i.e., needs to do just 
one reciprocation. That is, since a plurality of assisting works out of a great 
number of assisting works can be carried out at once by one worker, a sum 
of respective burdens applied to the workers can be reduced as a whole. 
[0072] [0069] At Step S34, the computer selects, based on the pre-set | 
worker information and the current worker information, a responsible 
worker to carry out the objective works. First, the computer selects, based 
on the respective responsibility sections of the workers Wl through W5, all 
the workers Wl through W5 as the first candidates. From the first 
candidates, the computer selects, as the second candidates, the workers W3 
through W5 whose worker skill levels are "L". Then, from the second 
candidates, the computer selects the third candidates, based on the 
respective "scheduled finishing times of assigned works" of the workers W3 



48 



through W5. That is, the computer refers to the respective columns of 
"scheduled finishing time of assigned work" of the workers W3 through W5 
in the current worker information file, and selects, as one or more third 
candidates, one or more workers who can carry out the objective works. 
More specifically described, the computer judges (a) that one or more 
workers who have no data recorded in the corresponding columns of 
"scheduled finishing time of assigned work" can carry out the objective 
works, like in the above-described assignment of the work N7. In addition, 
(b) regarding one or more workers who have some data in the corresponding 
columns of "scheduled finishing time of assigned work", the computer judges 
whether those workers can carry out the objective works while taking into 
account respective movement times needed to move from the respective 
"work finishing positions" thereof to the position where the highest-priority 
work is to be carried out. That is, if a time obtained by adding a movement 
time to a scheduled finishing time of assigned work of a worker is prior to 
the scheduled starting time of the highest-priority work, then the computer 
judges that the worker can carry out the objective works. In the present 
embodiment, a movement time is obtained as an among- area movement 
time that is needed by each worker to move among the three areas A, B, C 
corresponding to the three substrate-related-operation performing groups 
12A, B, C, respectively. An among-area movement time with respect to a 
movement within each area is TO (0 second); an among-area movement time 
with respect to a movement between two areas AB, B-C is Ta (15 seconds); 
and an among-area movement time with respect to a movement between 
two areas A- C is Tb (30 seconds). 

feOT^l [0070] Regarding the assignment of the work N8, the 

computer judges, at Step S34, whether each of the workers W3 through W5 
can carry out the objective works. Since the work finishing position of the 
worker W3 is the area A (Fig. 12), an among-area movement time needed to 
move from the area A to the area C where the work N8 (C - XY - 213) is to 
be carried out is 30 seconds. Since a time, 04'00", obtained by adding the 
among-area movement time (30 seconds) to the scheduled finishing time 
(03*30") of assigned work of the worker W3 is prior to the scheduled starting 
time (04'40") of the work N8, the computer judges that the worker W3 can 
carry out the work N8. Likewise, regarding the workers W4, W5, the 
computer obtains a time, 02'55", by adding the among-area movement time 



49 



(15 seconds) to the scheduled finishing time of assigned work of the worker 
W4, and obtains a time, 03'40", by adding the among-area movement time 
(15 seconds) to the scheduled finishing time of assigned work of the worker 
W5. Therefore, the computer judges that the workers W4, W5 can carry out 
the work N8. Consequently the computer selects the workers W3 through 
W5 as the third candidates. Finally, the computer selects one or more proper 
candidates based on the position information. More specifically described, 
the computer selects, as a proper candidate, the worker W5 who is present 
in the same area C as the area C where the work N8 (C - XY - 213) is to be 
carried out. However, in the case where there is no third candidate selected 
by the computer, the computer selects, as a proper candidate, one of the 
second candidates who has the earliest one of respective times obtained by 
adding the respective among-area movement times (as a sort of movement 
time) of the second candidates to the respective scheduled finishing times of 
assigned works of the same. 

[007 4 ] [0071] Then, the computer updates the current worker 

information file such that "N8" as the work ID is recorded in the column of 
"temporarily assigned work" of the worker W5 (at Step S35), and informs 
the worker W5 of the works N8, N12 as pending works for which a 
responsible worker has not been determined yet (at Step S36). If the worker 
W5 inputs information indicating his or her intention to carry out the 
pending works, the computer records the data "Y" in the column of "worker 
intention" of the worker W5 (at Step SI 8), and additionally records the data 
"W5" in each of the respective columns of "responsible worker" of the works 
N8, N12 in the supplying work list. That is, the current worker information 
file is updated, and the works N8, N12 are additionally recorded in the 
column of "assigned work" of the worker W5. In addition, regarding the 
worker W5, the column of "scheduled starting time of assigned work", the 
column of "scheduled finishing time of assigned work", and the column of 
"work finishing position" are updated to "14:04:40", "14:07:30", and "C", 
respectively, and the data "N8" and the data "Y" are deleted from the 
column of "temporarily assigned work" and the column of "worker intention", 
respectively (at Step S46). Then, the computer informs the worker W5 of the 
thus confirmed, assigned works N8, N12 (at Step S47). On the other hand, if 
the worker W5 inputs information indicating his or her intention not to 
carry out the pending works, then the control goes to Step S48 and then 
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goes to Step S15 to re-select one or more proper candidates to carry out the 
works N8, N12. Consequently the computer selects the worker W4 as a 
proper candidate. 

[0075] [0072] Thus, regarding the assignment of each supplying 

work, the operation of selecting the proper candidate(s) is a portion of the 
operation of determining the responsible worker. The assisting-work 
management device 36 determines, at Steps S15 and S16, the responsible 
worker based on the pre-set worker information, the current worker 
information, and the respective intensions of the workers (i.e., the sets of 
worker intention information). 

feQTSl [0073] 5.7 Assignment of Recovering Work 

The foregoing description of the assignment of each 
supplying work has been made on the assumption that no recovering works 
occur. However, the following description of an assignment of each 
recovering work will be made on an assumption that a recovering work had 
occurred back in the past. Here, it is assumed that the supplying works 
occur as indicated in the supplying work list of Fig. 5. If the assisting-work 
management device 36 receives a set of recovering work occurrence 
information and records a recovering work in the recovering work list (as 
shown in Fig. 6), then a positive judgment is made at Step Sll (Fig. 7), and 
the control goes to Step S12, i.e., a recovering-work assignment routine 
shown in Fig. 13. An assignment of a recovering work means that the 
recovering work recorded in the recovering work list is assigned as an 
objective work to a worker. First, at Step S61, the computer refers to an 
urgency degree of the recovering work, recorded in the recovering work list 
shown in Fig. 6. If the urgency degree is "L", a negative judgment is made at 
Step S61, and the control goes to Step S62 to determine simultaneous works. 
More specifically described, at Step S62, the computer searches for one or 
more supplying works whose recommended arrival times fall within a 
pre-set time duration following a time of occurrence of the recovering work, 
which need stopping of the operation of the substrate -related-operation 
performing machine 10 as the object of the recovering work, and which can 
be simultaneously carried out by other workers than a responsible worker 
for the recovering work. For example, regarding the recovering work El, a 
work-object code of the work El is C - XY - 4N3, and one or more supplying 
works that can be carried out simultaneously with the work El are works 
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" that need stopping of the operation of the general-purpose component 
mounting machine 10XY of the substrate-related-operation performing 
group 12C (hereinafter, abbreviated to the "machine C - XY"). More 
specifically described, the computer searches, in the supplying work list, for 
a supplying work whose recommended arrival time is subsequent to 00*40" 
obtained by adding a margin time (e.g., 30 seconds), such as a movement 
time, to the time (00' 10") of occurrence of the work El and falls within the 
pre-set time (e.g., 5 minutes) following the occurrence time, and which needs 
stopping of the operation of the machine C - XY. Consequently the computer 
determines, as a simultaneous work for the work El, the work N5 (C - XY - 
411) whose recommended arrival time is 02'40". In this case, a recovering 
work (e.g., the work El) and a different assisting work (e.g., the work N5) 
are determined as a plurality of simultaneous works for each other. In the 
case where the computer searches and finds a plurality of supplying works 
each of which can qualify as a simultaneous work, one of those supplying 
works that has the earliest time to carry out is finally determined as a 
simultaneous work. On the other hand, in the case where the computer 
cannot find any supplying works that can qualify as a simultaneous work or 
works, no simultaneous work is determined. 

[0073] [0074] At Step S63, the computer determines, based on the pre-set 
worker information and the current worker information, a responsible 
worker to carry out the recovering work as the objective work. This 
determination are basically similar to the selection of proper candidate(s) 
for each supplying work and the determination of responsible worker for the 
each supplying work. However, this determination does not include 
obtaining any sets of worker intention information from any workers, but 
includes determining a single responsible worker and informing the worker 
of the fact that the recovering work has been assigned to the worker. First, 
regarding the selection based on the pre-set worker information, the 
computer refers, like the case of the above-described temporary assignment 
of each supplying work, to the pre-set worker information file (Fig. 3) with 
respect to the respective columns of "responsibility section" and the 
respective columns of "worker skill level" of all the workers Wl through W5. 
Consequently the computer selects, as one or more first candidates, one or 
more workers the responsibility section of each of whom covers the 
recovering work, and then selects, as one or more second candidates, one or 
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more selected first workers the worker skill level of each of whom is equal to 
the needed skill level of the recovering work. Subsequently, the computer 
selects, as one or more third candidates, one or more selected second 
candidates, based on respective assignment states thereof each as a sort of 
the current worker information. More specifically described, the computer 
refers to the current worker information file (Fig. 4) with respect to the 
respective columns of "scheduled starting time of assigned work" and the 
respective columns of "scheduled finishing time of assigned work" 
corresponding to the second candidates and, in short, the computer selects, 
as one or more third candidates, one or more second candidates each of 
whom can carry out the recovering work, prior to the scheduled starting 
time of assigned work of the each candidate or subsequent to the scheduled 
finishing time of assigned work of the each candidate. The selection of third 
candidates will be explained with respect to some exemplary cases. Case (a)' 
A worker who has no time data recorded in the corresponding column of 
"scheduled starting time of assigned work" or the corresponding column of 
"scheduled finishing time of assigned work", has no assigned works. 
Therefore the worker can carry out the recovering work, and is selected as a 
third candidate. Case (b)' A worker who has time data recorded in the 
corresponding columns of "scheduled starting time of assigned work" and 
"scheduled finishing time of assigned work", has one or more assigned works. 
In this case, basically, the worker is selected as a third candidate if a time 
obtained by subtracting, from the scheduled starting time of assigned work 
of the worker, an among-area movement time (i.e., a movement time needed 
to move from the area to which the recovering work belongs, to the area to 
which the earliest one of the assigned work(s) belongs) is later than a time 
obtained by adding, to the time of occurrence of the recovering work, the 
margin time (30 seconds) and an appropriate standard needed time. 
However, in the case where the recovering work has a simultaneous work 
determined therefor, the worker is selected as a third candidate if the time 
obtained by subtracting, from the scheduled starting time of assigned work 
of the worker, the among-area movement time is later than a time obtained 
by adding, to the recommended arrival time of the simultaneous work other 
than the recovering work, an appropriate standard needed time. In each 
case, if there is a single third candidate selected by the computer, then the 
single third candidate is determined as a responsible worker; and if there 
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are no third candidates selected by the computer, then one of the workers 
who has the earliest one of respective times obtained by adding respective 
among-area movement times to the respective scheduled starting times of 
assigned works of those workers, is determined as a responsible worker. If 
there are a plurality of third candidates selected by the computer, then the 
computer determines a responsible worker based on the position 
information, the work-amount information, etc. More specifically described, 
a worker whose work finishing position is near to the work place, a worker 
whose total time of actual works is short, a worker whose finishing time of 
previous work is early, or a worker whose work ID is small is selected in the 
order of description, till only a single candidate is selected (in this 
connection, reference is made to the above-described assignment of each 
supplying work). For example, regarding the assignment of the work El, the 
computer selects, as the first candidates, the workers Wl through W5 whose 
responsibility sections cover the area C. From the thus selected first 
candidates, the computer selects, as the second candidates, the workers Wl, 
W2 whose worker skill levels are "H" corresponding to the needed skill level 
"H" of the work El. From the thus selected second candidates, the computer 
refers to the respective assignment states of the workers Wl, W2, and 
selects, as the third candidates, both the workers Wl, W2 who have no 
assigned works, as shown in Fig. 4. Since there are the plurality of third 
candidates, the computer refers to the respective columns of "work finishing 
position" of the two workers, and determines, as a responsible worker for 
the work El as the objective work, the worker W2 who is nearer to the area 
C as the work place where the work El is to be carried out. 
fe0?8l [0075] At Step S64, the computer updates the current 

worker information file such that the work ID (El) of the recovering work is 
recorded in the column of "assigned work" of the responsible worker (W2), 
and the corresponding data are recorded in the columns of "scheduled 
starting time of assigned work", "scheduled finishing time of assigned work", 
and "work finishing position" of the same (Fig. 15). As described above, the 
"scheduled starting time of assigned work" means a scheduled starting time 
of the earliest one of the assigned works; and the "scheduled finishing time 
of assigned work" means a scheduled finishing time of the latest one of the 
assigned works. A method of calculating a scheduled starting time and a 
scheduled finishing time that are related to each recovering work will be 
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described below. Case (a)- if a recovering work has a simultaneous work, a 
scheduled starting time of the recovering work is the same as a 
recommended arrival time of the simultaneous work. Case (b)- if a 
recovering work does not have a simultaneous work and it is the earliest one 
of the assigned works, a scheduled starting time of the recovering work is a 
time obtained by adding the margin time (30 seconds) to the time of 
occurrence of the recovering work. Case (c)- if a recovering work does not 
have a simultaneous work and the assigned works includes a previous work 
to be carried out immediately before the recovering work, a scheduled 
starting time of the recovering work is a time obtained by adding an 
among-area movement time to the scheduled finishing time of the previous 
work. A scheduled finishing time of each recovering work is a time obtained 
by adding an appropriate standard needed time to the scheduled starting 
time of the work. For example, regarding the assignment of the work El, 
the work El has the work N5 as the simultaneous work. Therefore, a 
scheduled starting time of the work El is a recommended arrival time 
(02'40") of the work N5; and a scheduled finishing time of the work El is a 
time (03'40") obtained by adding an appropriate standard needed time to the 
recommended arrival time. A work finishing position of the work El is the 
area C where the work El is carried out. At Step S65, the computer updates 
the recovering work list such that the worker No. (W2) is recorded in the 
column of "responsible worker" of the objective work (El). Then, at Step S66, 
the computer informs the responsible worker (W2) of the work-object code (C 
- XY - 4N3) and work name ('nozzle replacing work 5 ) of the objective work 
(El), and the recommended arrival time of the simultaneous work. When 
the recovering work is finished and the operation of the 
substrate-related-operation performing machine 10(XY) is resumed, the 
computer records, in the assisting-work history, the information related to 
the recovering work (El), and deletes the information from the recovering 
work list. 

feQmt [0076] Next, there will be described a case where a 

recovering work whose urgency degree is "H". For example, it is assumed 
that after the above -described work El is assigned to the worker W2 and is 
carried out by the same W2, the operation of the high-speed component 
mounting machine 10RO of the substrate -related-operation performing 
group 12C is stopped at 14^04:20 because of a failure, i.e., an error of 
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processing of image data. Then, the machine management device 32 sends a 
set of recovering work occurrence information to the assisting-work 
management device 36, so that the corresponding recovering work is 
recorded as a work E2 in the recovering work list (as shown in Fig. 14). 
Consequently the work E2 is determined as an objective work, and an 
assignment of the work E2 is started. Since an urgency degree of the work 
E2 (C - RO - PC) is "H", a positive judgment is made at Step S61, and the 
control goes to Step S67. At Step S67, the computer informs a responsible 
worker for the substrate-related-operation performing machine 10 the 
operation of which has been stopped because of its failure, of a fact that the 
assignment of a supplying work to that machine 10 is canceled, and 
additionally updates the current worker information file and the supplying 
work list. At the time of 04 ? 20", the worker W5 has an assigned work N12 (C 
- RO - 205), as shown in Fig. 16, and accordingly the computer informs the 
worker W5 of a fact that the work N12 is canceled because of an abnormal 
stopping of the operation of the machine 10. In addition, the computer 
updates the current worker information file such that the work ID "N12" is 
deleted from the column of "assigned work" of the worker W5 and 
accordingly the column of "scheduled finishing time of assigned work", etc of 
the worker W5 is changed. In addition, the work ID "N12" is deleted from 
the supplying work list. 

[0080] [0077] At Step S63, the computer determines a responsible worker 
for the recovering work as the objective work, in the same manner as the 
above-described manner in which the work El is assigned. However, 
regarding the selection of third candidate(s) based on the assignment 
state(s) of the second candidate(s), if there is no worker who has no assigned 
work, or no worker who has such an assignment state that a time obtained 
by subtracting an among-area movement time from a scheduled starting 
time of assigned work is later than a time obtained by adding, to the time of 
occurrence of the recovering work, the margin time (30 seconds) and an 
appropriate standard needed time, then a responsible worker is determined 
in the following manner' In short, a worker who can readily carry out the 
recovering work is selected as the responsible worker. Case (a)- If there is 
one or more workers whose working states are --waiting--, a worker having 
the latest time of respective times obtained by subtracting, from the 
respective scheduled starting times of assigned works of the workers, 
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respective among-area movement times needed to move from the respective 
current positions to the work place is determined as the responsible worker. 
Case (b): If all the workers are ■ -working--, a worker having the earliest 
time of respective times obtained by adding, to the respective scheduled 
finishing times of the respective current works of the workers, respective 
among-area movement times (i.e., respective times needed to move from the 
respective areas to which the current works belong, to the area to which the 
recovering work belongs) is determined as the responsible worker. The 
assignment of the work E2 differs from the assignment of the work El, 
because the recovering work whose urgency degree is "H" should be carried 
out as soon as possible. Regarding the assignment of the work E2, both the 
workers Wl, W2 are --waiting--, as shown in Fig. 16, but the worker Wl has 
the assigned work "N7". Therefore, the worker W2 is determined as the 
responsible worker for the work E2 as the objective work. 
[0081] [0078] At Step S64, the work ID (E2) of the recovering work is 
added as an assigned work of the responsible worker (W2) in the current 
worker information file, though not shown, and the columns of "scheduled 
starting time of assigned work", "scheduled finishing time of assigned work", 
and "work finishing position" of the worker are updated to 14-04-50, 
14-09-50, and the area A, respectively. In addition, the worker No. (W2) is 
recorded in the column of "responsible worker" of the objective work (E2) in 
the recovering work list, and then the responsible worker (W2) is informed 
of the work-object code (C - RO - PC) and the work name (--image- 
recognition-condition adjustment--) of the objective work (W2), at Steps S65 
and S66. 

[0082] [0079] 6. Block Diagram of Various Functions of Assisting- Work 
Management Device 

Fig. 17 shows various functional portions of the assisting- 
work management device 36 that cannot be structurally discriminated from 
each other. However, those functional portions include respective portions of 
the assisting-work management device 36 that can carry out respective 
contributory operations. The assisting-work management device 36 includes 
a communication portion 100, an assisting-work information obtaining 
portion 110, an assisting-work information storing portion 112, a current 
worker information obtaining portion 120, a worker information storing 
portion 130, a responsible worker determining portion 140, and an 
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assigned-work informing portion 180. The communication portion 100 sends 
and receives various sorts of information to and from the portable terminal 
devices 42 and the machine management device 32 via the LAN 30. The 
assisting-work information obtaining portion 110 obtains, from the machine 
management device 32, the sets of supplying-work occurrence information 
and the sets of recovering-work occurrence information, and stores, in the 
assisting-work information storing portion 112, the obtained sets of 
supplying-work occurrence information as the supplying work list, and 
additionally stores the obtained sets of recovering-work occurrence 
information as the recovering work list, or updates the supplying work list 
and the recovering work list each stored by the assisting-work information 
storing portion 112. The assisting-work information storing portion 112 
includes a portion of the memory device of the assisting-work management 
device 36. The current worker information obtaining portion 120 updates, at 
Steps S18, S35, S46, and S64, the current worker information file based on 
the sets of worker input information, the current worker information file, 
the supplying work list, and the recovering work list. The worker 
information storing portion 130 includes a portion of the memory device of 
the assisting-work management device 36, and stores the pre-set worker 
information as the worker master file, and additionally stores the current 
worker information as the current worker information file. The current 
worker information file is updated by the above -de scribed current worker 
information obtaining portion 120. 

[0083] [0080] The responsible worker determining portion 140 includes a 
pre-set-worker-information-dependent determining portion 142, a 
current-worker-information-dependent determining portion 144, a 
worker-intention-dependent determining portion 146, a related-work 
determining portion 148, and a simultaneous -work determining portion 150. 
The pre-set-worker-information-dependent determining portion 142 selects, 
at Steps S34, S44, and S63, the candidates to carry out the objective work, 
and determines the responsible worker based on the respective 
responsibility sections and respective worker skill levels of the candidates 
(the step of selecting the candidates is a portion of the step of determining 
the responsible worker). The current-worker-information-dependent 
determining portion 144 selects, at Steps S33, S44, and S63, the candidates 
to carry out the objective work, and determines the responsible worker 
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based on the respective working states of the workers (S63), the respective 
assignment states and respective positions of the workers (S34, S63), or the 
respective work amounts of the candidates (S44, S63). The worker- 
intention-dependent determining portion 146 includes a candidate selecting 
portion 160, a pending-work informing portion 162, and a worker intention 
information obtaining portion 164, and determines, at Step S44, the 
responsible worker based on the sets of worker intention information. The 
candidate selecting portion 160 selects, at Step S34, the candidates to carry 
out the objective work, based on the pre*set worker information and the 
current worker information. The worker intention information obtaining 
portion 164 obtains, at Step Si 8, the sets of worker intention information 
and updates the corresponding columns of "worker intention" in the current 
worker information file. The related-work determining portion 148 
determines, at Step S33, a plurality of near-position continuous works, and 
deals with, at Steps S34 and S44, the plurality of near-position continuous 
works as a plurality of objective works and determines the responsible 
worker to carry out the objective works. The simultaneous-work 
determining portion 150 determines, at Step S62, the simultaneous work to 
be carried out simultaneously with the objective work, and determines, at 
Step S63, the responsible worker to carry out the objective work. The 
assigned-work informing portion 180 informs, at Steps S47 and S66, the 
responsible worker of the objective work assigned to the worker. 
[0084] [0081] 7. Other Embodiments 

In the above-described embodiment, the assisting-work 
management device 36 can concurrently obtain a plurality of sets of 
information related to a plurality of assisting works, respectively. However, 
the assisting-work management device 36 may be modified to be able to 
obtain, at once, one set of information related to one assisting work. For 
example, the assisting-work management device 36 may be one that 
determines, each time it receives one set of assisting-work-related 
information from the substrate-related-operation performing machines 10 or 
the machine management device 32, a responsible worker to carry out the 
assisting work. The assisting-work management device 36 can receive a set 
of assisting-work occurrence information from an arbitrary one of the 
substrate -related-operation performing machines 10, for example, if the 
machine 10 is adapted to send, at a time when an amount of consumption of 
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components of any sort used therein is increased up to a pre -set amount, or 
a remaining amount of the components is decreased down to a pre-set 
amount, or at a time prior by a pre-set time to an estimated time when the 
components will run short, information indicating that situation. In addition, 
the assisting-work management device 36 can receive a set of assisting-work 
occurrence information from the machine management device 32, for 
example, if the latter device 32 is adapted to send the set of information 
when being commanded by the former device 36 to send the set of 
information. 

[0085] [0082] In the above -described embodiment, the assisting-work 
management device 36 manages the supplying works and the recovering 
works. However, the assisting-work management device 36 may be modified 
to manage at least one sort of works pr-selected from supplying works, 
recovering works, maintenance works, and resetting works. In the 
above-described embodiment, the assignment of each supplying work 
involves the temporary assignment thereof, whereas the assignment of each 
recovering work does not involve a temporary assignment thereof. However, 
it is possible to assign each of the above-indicated two sorts of works with, 
or without, the temporary assignment thereof. In the above -described 
embodiment, the assisting works whose needed skill levels are "L" are not 
assigned to any skilled workers whose worker skill levels are "H". However, 
the assisting-work management device 36 may be modified to assign those 
assigning works to those skilled workers, depending upon the burden of the 
maintenance works carried out by the skilled workers, and/or the proportion 
of the total number of the skilled workers relative to that of the ordinary 
workers. In the above-described embodiment, the position of each worker is 
or recognized in terms of the three areas A, B, C. However, each of the areas 
may be narrowed, and accordingly the total number of the areas may be 
increased. For example, a section including a place where a worker carries 
out an assisting work for each substrate -related-operation performing 
machine 10 may be pre-set as an area. If each of the areas is narrowed and 
the total number of the areas is increased, then the position of each worker 
can be recognized more precisely and accordingly the amount of movement 
of the each worker can be estimated more accurately. This leads to assigning 
each assisting work to a more appropriate worker. In the above-described 
embodiment, the near-position continuous works are assisting works 



60 



belonging to a same area. However, in the case where each of the areas is 
narrowed, two assisting works may be determined as near-position 
continuous works, even though those assisting works may belong to 
different areas, so long as one of the areas is located within a pre-set range 
from the other area. In the above-described embodiment, the position of 
each worker is estimated based on the set of worker input information 
inputted by the each worker. However, each worker may carry a signal 
transmitter, and the position of the each worker may be estimated by 
detecting, with a sensor, the signal transmitted by the transmitter. 
Alternatively, each worker may input his or her current position into his or 
her portable terminal device 42, and the position of the each worker may be 
estimated based on the inputted position. In the above-described 
embodiment, the portable terminal devices 42 including the respective input 
devices cooperate with the substrate -related-operation performing machines 
10, and a portion of the current-worker-information obtaining portion 120 
that estimates the current position the work finishing position of each 
worker, to constitute a worker-position obtaining device. 



